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Recent C-E Steam Generating Units for Utilities 
































VOL 
DEVON GENERATING STATION 2 
THE CONNECTICUT LIGHT & POWER COMPANY 
HE C-E Unit illustrated here is now in 
Vie of fabrication for the Devon Gen- Russe 
erating Station of The Connecticut Light 
. : Stean 
& Power Company at Devon, Connecticut. 
Another unit, duplicate of this, has recently : 
been ordered. Cc 
These units are each designed to produce, P 
at maximum continuous capacity, 600,000 
pete Powe 
lb of steam per hr at 1300 psi and 950 F. 
They are of the 3-drum type with 2-stage 
superheaters and finned tube economizers 
in the rear pass. Regenerative air heaters 
follow the economizer surface. A Be 
The furnaces are fully water cooled with 
closely spaced plain tubes on all walls and Inter 
finned tubes in the roof area. These furnaces Rehe 
are of the basket bottom type discharging to 
sluicing hoppers. 
Pulverized coal firing is employed, using 
C-E Raymond Bowl Mills and C-E Hori- 
zontal Burners. Provision is made for the Revi 
use of oil as an alternate fuel if and when 
required. New 
There are four other C-E Units of smaller Adu: 


capacity in this station. Two have been in 
service since 1942, and the two others started 





last year. B-256 
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COPES Pressure Reducing Valves are designed for 


tough jobs demanding greater accuracy and depend. 
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ability than can be obtained with ordinary stock valves. L 
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They are built to give as good results under emergency fielc 
tros 
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vibration, noise and wear. Each is engineered for the 


individual installation, to assure close pressure control 


cury vacuum to 600 psig. Valves are direct- or 


relay-operated, self-contained or actuated by a 





Type R-DSLH, 


relay-operated 
for remote control ENGINEERED BY THE master control—as dictated by the individual 


Below: Type DBI is MAKERS OF COPES 


direct- ted and : : ‘ 
eid ™ operating conditions. Write for Bulletin 477. 
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1286 GROVE DRIVE, ERIE, PA. 
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Representatives Everywhere 


Type W-DBI. 
Weight loaded, 
direct-operated 


Boiler Feed Water Control . . . Excess or 
Constant Pressure Control, Steam or Water 
..+ Liquid Level Control ... Balanced Valves 
. . » Desuperheaters . . . Boiler Steam Tem- 
perature Control... Hi-Low Water Alarms. 





Type 3-SH-2C for heavy 
duty. Relay-operated, Type R-DBI for remote 
self-contained control from master 
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A Benefactor of Research 


Dr. F. G. Cottrell, widely recognized scientist and 
inventor but better known to engineers in the power 
field as the originator of the Cottrell system of elec- 
trostatic precipitation, died in Berkeley, Calif. on No- 
vember 16, at the age of seventy-one. 

As a chemist and physicist, his long career was marked 
by devotion to public service. It was while teaching at 
the University of California, from 1902 to 1911, that he 
conceived the idea of electrostatic precipitation of solids 
entrained with gases; and shortly thereafter, while 
associated with the U. S. Bureau of Mines, he founded 
in 1912 the Research Corporation to develop and pro- 
mote this invention. Spurning personal monetary re- 
ward, he stipulated that this was to be a non-profit organi- 
zation, the earnings of which should be devoted to the 
advancement of science, chiefly through grants of funds 
to stimulate research. In fact, returns from the sale of 
early precipitators helped develop the X-ray microscope 
and the first cyclotron. 

Besides the recovery of fly ash from stack gases, the 
electrostatic precipitator has many other applications 
in industry, such as smelters, blast furnaces, the recovery 
of lamp black, etc. He later was instrumental in 
organizing the Western Precipitation Company to build 
precipitating equipment on the Pacific Coast 

Among the many other activities with which Dr. 
Cottrell was identified were the fixation of atmospheric 
nitrogen and a process for cheapening the production of 
helium. He also served for many years as a consultant 
to the Department of Agriculture in connection with the 
chemistry of soils. 

While history records many scientists who have con- 
tributed their talents to human welfare and advance- 
ment, it is more unusual to find inventors who have 
spurned handsome emoluments so that the fruits of their 
genius could be dedicated to the furtherence of research, 
as did Dr. Cottrell. 


Inter-Professional Relationships 


Long recognized as a characteristic of human nature 
is the tendency for individuals to become so engrossed 
in their own problems that they are oblivious to the dif- 
ficulties of others. Less noted, but of considerable 
Significance, is an analagous tendency toward professional 
provincialism in which inter-relationships are lost sight 
of amidst a multiplicity of specialized fields and 
interests. - 

Attention was focussed upon the problem of inter-pro- 
fessional relationships by the Inter-Professions Con- 
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ference on Education for Professional Responsibility 
held in the Spring of 1948, the Proceedings of which have 
recently been published by the Carnegie Press, and by 
the appearance of two books by Dr. E. L. Brown of the 
Russell Sage Foundation entitled ‘““Lawyers, Law Schools 
and the Public Service’ and “Nursing for the Future.” 
Engineers generally should be gratified to learn that 
members of their profession were instrumental in initi- 
ating the aforementioned conference. They should also 
be aware that education for responsible citizenship has 
been a difficult problem in training for the legal profession 
as well as their own, and they may well be surprised to 
discover that Dr. Brown has recommended that pro- 
fessional nursing education of the future be patterned 
along the academic paths pioneered in some forms of 
professional engineering training. Here, then, is a tie 
through common educational problems from engineering 
to law and to nursing. 

Modern industrial society is to a large extent the 
product of fruitful inter-professional relationship. The 
engineer who does not recognize the limitations of his 
callings, is a less efficient practitioner than the one who 
can articulate his efforts effectively with the accountant, 
the lawyer, the doctor or the research specialist. More 
attention should be given by practicing engineers and 
industrial executives to the areas of common endeavor 
where one profession shares duties and responsibilities 
with another profession. Only by such willing cooper- 
ation and mutual understanding can the tendency toward 
professional provincialism be overcome. 


Reheat Problems Clarified 


Attendance which overflowed both sessions on reheat 
during the A.S.M.E. Annual Meeting was evidence of the 
interest of power engineers in the current widespread re- 
vival in this means of attaining improved station per- 
formance. From figures cited by several speakers it 
would appear that over two million kilowatts of reheat 
capacity is now on order or under construction. 

The papers were most worthwhile in that they served 
to clarify both the economic considerations and the oper- 
ating problems involved. They were in general agree- 
ment that although reheat turbines cost more, as do the 
boilers when considered on a steam output basis, such 
increases are largely offset by the reduced sizes of steam 
generating unit, feed pump equipment and condensing 
equipment, resulting from the lower water rate of the 
turbine; so that on the basis of kilowatt output there is 
little difference in total initial cost. Moreover, an im- 
provement in station heat rate of four to eight per cent, 
and in some cases more, results. 
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Fig. 1—Exterior of Russell Station 


Russell Station Incorporates 
Advances in Power Plant Design 


Engineering progress in power plant de- 
sign is exemplified in the first two units of 
Russell Station. A comparison of heat 
balance conditions for the non-reheat and 
reheat regenerative cycles employed is in- 
cluded, and the economic considerations 
affecting basic decisions are discussed. 


Gas and Electric Corporation comprised a series 

of steam and hydro stations aggregating approxi- 
mately 200,000 kw, approximately three-quarters of 
which was steam capacity. An independent study of 
prospective system growth indicated the necessity of 
augmenting this capacity, a conclusion which was verified 
by a continued increase in post-war electric loads. 
Extended investigations of the practicability of expand- 
ing existing plants were carried out, but considerations of 
cooling water temperature and system electrical load 
centers pointed to the inadvisability of making an addi- 
tion to the largest steam station which is located on the 
Genessee River. This, in turn, led to an analysis of ten 
potential sites for a new generating station. Various 
factors of engineering and economics ultimately favored 


A WORLD WAR II drew to a close the Rochester 
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By I. G. McCHESNEY 
Rochester Gas and Electric Corp. 


a location on the shore of Lake Ontario as the most 
advantageous site for the proposed power plant. 

Through the foresight of the management, this tract of 
land had been purchased about twenty years previously in 
anticipation of the need for additional generating capac- 
ity. Its availability and suitability for power plant 
use aided materially in expediting the design and con- 
struction of the first unit of Russell Station, named for 
Herman Russell, president of the Company from 1929 to 
1946 and currently chairman of its board of directors. 

Post-war demands for power continued on an un- 
precedented high level, thereby adding to the urgency of 
installing the new capacity. Exhaustive engineering 
studies were made to establish a basic plant steam cycle 
having optimum efficiency within the limits set by 
equipment which could be obtained without undue 
delay that might result from special modifications of 
design. From the many possibilities, choice was finally 
narrowed to two: 


850 psig, 900 F regenerative cycle 
1250 psig, 950 F regenerative cycle 


In the engineering study of these alternatives, sight 
was not lost of the ultimate development of Russell 
Station, and special considerations were given to econom- 
ies resulting from variation in the number of feedwater 
heating stages and to exit losses of turbines having 
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different exhaust areas. Not only were the economic 
advantages of the various steam conditions analyzed, but 
also attention was focused upon utility operating experi- 
ence as indicated by the number of outages for both 
boilers and turbine-generators at conditions above and 
below 1000 psig. The conclusion was finally reached that 
the state of the power plant art, as well as economic 
factors, justified the design of a unit plant having a 
40,000-kw turbine operating on a regenerative cycle of 
1250 psig at 950 F with five stages of boiler feedwater 
heating. 

Basic engineering decisions having been reached, 
the next step was the selection of equipment and develop- 
ment of a suitable architectural and structural design. 
Especially painstaking efforts were devoted to harmoniz- 
ing the appearance of the new station with the surround- 
ing residential district, one of the most beautiful sections 
of suburban Rochester. Light buff tile was selected for 
the exterior, while two fluted aluminum panels on either 
side of the centrally located elevator were introduced to 
enhance the overall effect, as shown in Fig. 1. Because 
of the relative proximity of residences, consideration in 
designing the plant was given to reducing noise to an 
absolute minimum; also to eliminating fly ash by the 
installation of an oversized electrostatic precipitator 
having very high collection efficiency. 


Station Equipment 


In selecting equipment for Russell Station an effort 
was made to utilize designs that fitted basic station 
requirements without undue modification and consequent 
delays in fabrication and shipment. Wherever possible, 
equipment that had met the rigorous tests of proved 
operation was chosen, but there was no hesitancy in 
employing designs within the limits of reasonable ad- 
vances of engineering practice. Thus, the first unit may 
be considered to represent a combination of recent tech- 
nical developments and equipment well proved from the 
standpoints of performance and reliability. 


COMBUSTIO N—December 1948 


COAL CONVEYOR at 
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Fig. 2—Plant cross-section 
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Fig. 3—Map of plant site 


Figs. 2 and 3 illustrate the basic equipment arrange- 
ment and show a map of the plant site. 

Steam is furnished by a 400,000-Ib-per-hr Combustion 
Engineering steam generating unit having a design 
pressure of 1475 psig and with a superheater outlet 
temperature of 955 F at 1300 psig. Heat recovery 
equipment includes an Elesco economizer with 14,100 
sq ft of surface and two Ljungstrom air heaters of 50,000 
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sq ft each. The superheater is of the Elesco two-stage 
interbank type. This unit is shown in Fig. 4. 

Coal is pulverized by three C.E.-Raymond bowl 
mills, two of which are capable of carrying full load under 
normal conditions, while the third is designed to operate 
on light loads. By means of vertically adjustable, 


tangential burners, automatic primary regulation of 
superheat, through control of furnace exit gas tempera- 
ture, is obtained over loads ranging from full to 60 per 
cent of fullload. A Leeds & Northrup automatic steam 
temperature control changes the burner tilt to maintain 
the total steam temperature within prescribed limits. 


Fig. 4—Section through steam generating unit No. 1 


Provision is also made for manual push-button control. 
To minimize time lag in meeting changing furnace condi- 
tions, an air-flow unit anticipates steam temperature 
changes by measurement of changes in the gas mass flow 
through the unit. In addition, bypass dampers are 
employed to provide supplementary control of steam 
temperature, should this be necessary. 

A Vulcan automatic, sequential, air-operated soot 
blowing system, using air as the cleaning medium, is em- 
ployed. The controls are mounted on the main panel 
board and are arranged for automatic or individual unit 
operation. Both retractable and rotary soot blowers 
are included in the initial installation. Two Ingersoll- 
Rand soot blower air compressors supply air at 500 psig 
to a primary receiver from which it is distributed at 250 
psig to the secondary receivers. The soot blowing air is 
further reduced to nozzle pressures varying from 110 psig 
to approximately 200 psig. 

The turbine is a double-flow General Electric tandem- 
compound machine of 21 stages and conforms to the 
A.S.M.E.-A.1.E.E. Preferred Standards. The generator 
is hydrogen cooled with a nameplate rating of 40,000 kw 
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at 13,800 volts, 0.85 power factor and a maximum output 
of 44,000 kw at 0.935 power factor. The turbine is bled 
at the 5th, 8th, 13th, 16th and 19th stages, heating 
condensate to a final temperature of 415 F at maximum 
load. The full-load steam rate at the turbine throttle 
is 8.22 lb per kwhr. 

A Foster Wheeler two-pass, cross-flow condenser 
serves the turbine. It has an effective area of 25,000 sq 
ft and condensate is pumped from the hotwell by three 
350-gpm vertical Foster Wheeler condensate pumps. 
Two Kinney dry-vacuum pumps are used for air removal. 

Circulating water is drawn from Lake Ontario at a 
point 3660 ft off shore, and there is an additional 1150 ft 
run from the shore to the station. The inlet end is fitted 
with a special slot-and-gathering tube to minimize 
entrance losses and prevent the formation of vortices. 
The traveling screens are located in the station at the end 
of the intake tunnel, and two vertical mixed-flow Foster 
Wheeler circulating pumps transfer the water to the 
condenser, from which it is discharged to a nearby creek. 
Since the average yearly temperature of Lake Ontario 
water is 47 F, the condenser may be operated at maxi- 
mum load to an absolute pressure of | in. of mercury for at 
least ten months of the year. 


Feedwater System 


The feedwater is handled by three motor-driven Allis- 
Chalmers boiler feed pumps, two of which have direct 
drive and the third an American Blower fluid-drive. 
There are also one motor-driven Allis-Chalmers drain 
pump, five Struthers Wells stage heaters, aggregating 
8755 sq ft of surface, a Lummus floating-head feedwater 
evaporator, and an Elliott evaporator preheater. A 
Bailey three-element control regulates the flow of water 
through the boiler feed pumps, by means of a regulating 
feed valve, when the pumps operate at constant speed 
and by varying the pump speed when the hydraulic 
coupling is being used. Makeup water, which is 
purchased from the Lake Ontario Water Company, 
undergoes Zeo-Karb treatment based on a sodium-and- 
hydrogen cycle with aeration for removal of CO, prior to 
use in the evaporator. 

Throughout the station all auxiliary drives are 
electrical with the exception of one turbine-driven emer- 
gency oil pump. 

A separate Cleaver-Brooks boiler supplies the unit 
heaters of the station. Since the main steam generating 
unit is not called upon to furnish steam for auxiliaries 
or for heating, it can be operated to best advantage 
in combination with the turbine to provide the lowest 
possible station heat rate. The maximum load plant 
heat rate is calculated to be 10,740 Btu per kwhr. 

Control for the steam generating unit, the turbine- 
generator, and the station auxiliary equipment is cen- 
tralized in two main panels located between the boiler 
and the turbine. This arrangement provides flexibility 
of station operation with a minimum operating staff. In 
addition to the remote controls for auxiliaries which ap- 
pear on the boiler and turbine control panels, provision 
has been made, by means of suitable interlocks to prevent 
improper operation, to start auxiliaries at their individual 
locations. Special care has been taken to insure both a 
reliable and a clean supply of air for control purposes, and 
to this end the control air is filtered. Combustion con- 
trol equipment and feedwater flow control have been 


December 1948—C OM BUSTION 























NON-REHEAT CYCLE REHEAT CYCLE 






CONTINGENCIES, 
INTEREST, & 


CONTINGENCIES, 
INTEREST, & 
ENGINEER, 










BUILOING & 
STRUCTURE 


15.6 





BUILOING & 
STRUCTURE 












STATION 
ELECTRIC 
EQUIPMENT 


16.0 


STATION 
ELectTric 
EQUIPMENT 


15.0 


























BOILER UNIT 
ERECTED 


16.8 


BOILER UNIT 
ERECTED 


18.0 














PIPING, CONDENSING, 
& AUXILIARY 
EQUIPMENT 


22.1 


wa 


PIPING, CONDENSING, 
G& AUXILIARY 
EQUIPMENT 


20.9 





TURBINE UNIT 
ERECTED 


18.8 


TURBINE UNIT 
ERECTED 


21.0 






















Fig. 5—Estimated division of construction costs for Units 
No. 1 and No. 2 






Turbine 


furnished by the Bailey 
supervisory control is supplied by the turbine builder. 
There are two Sturtevant constant-speed forced-draft 
fans having inlet-vane control and two Sturtevant con- 
stant-speed induced-draft fans with inlet-damper control. 
Protection against fan failure is provided by suitable 


Meter Company. 


interlocks. The induced-draft fans discharge through 
a Cottrell electrostatic precipitator to a 250-ft brick-tile 
lined stack, 15 ft in diameter. 

Coal is supplied through a double track spur from the 
New York Central Railroad, and an additional track 
brought into the condenser floor of the station facilitates 


375000‘ Vn _/265 Pia 950% 1468.04 


the handling of heavy parts by the use of a 125-ton 
Manning, Maxwell & Moore crane. Jeffry coal-handling 
equipment having a capacity of 300 tons per hour has 
been installed. Included are feeders, crushers, a double 
track hopper, car-heating pits, belt conveyors, vibrating 
screens, weighing devices, magnetic pulley and a double 
reclaiming hopper. For yard storage purposes a Cater- 
pillar diesel tractor will be used. 

Ashes are sluiced from the furnace bottom by a 
Hydrojet system, and fly ash from the boiler passes and 
the precipitator is removed by a Hydrovac system, both 
supplied by Allen-Sherman-Hoff. 


Reheat Cycle Selected For Second Unit 


Before the first 40,000-kw unit at Russell Station was 
placed in service, it became evident that early consid- 
eration of installing a second unit was imperative. In 
the time elapsing between the selection of the basic 
engineering design for the first unit and the similar stage 
for the second, conditions in the power field had led to 
renewed interest in the application of reheat. Conse- 
quently, the original proposal to duplicate substantially 
the first unit was restudied in terms of the advantages to 
be gained by the use of reheat. 

Whereas the original plans contemplated the installa- 
tion of two 40,000-kw units and two larger units to make 
up the ultimate station capacity of 220,000 kw, the 
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Fig. 6—Heat balance conditions—Unit No. 1 at maximum load 
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Fig. 7—Heat balance conditions—Unit No. 2 at maximum load 


engineering investigation of the reheat cycle disclosed 
that a unit having a maximum capability of 65,000 kw 
could be installed in approximately the same space as the 
first unit without necessitating materially larger auxil- 
iaries. This, in combination with the economies to be 
gained in plant operation, led to the decision to employ 
the reheat cycle for the second unit. 

The accompanying diagrams, Fig. 5, afford an interest- 
ing comparison of estimated construction costs for reheat 
and non-reheat cycles requiring approximately equiva- 
lent amounts of physical plant space. The non-reheat 
regenerative cycle is on the basis of a 40,000- to 44,000- 
kw turbine operating at 1250 psig and 950 F, with five 
stages of feedwater heating; on the other hand, the re- 
heat regenerative cycle represents a 50,000- to 65,000-kw 
turbine having steam conditions of 1450 psig at 1000 F, 
with 1000 F reheat. It can be seen that in the overall 
costs the increased percentages expended for the reheat 
steam generating and turbine units are counterbalanced 
by the decrease in relative costs of the building structure 
and auxiliary equipment, including piping. For these 
particular cycles, studies indicate that cost per kilowatt 
of installed capacity shows an advantage in favor of the 
reheat cycle. 

Table 1 indicates basic quantities and physical 
dimensions of the reheat and non-reheat units actually 
employed. It will be noted that the number of stages 
of feedwater heating has been changed from five to six 
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and that initial steam conditions have also been raised 
At the same time, maximum turbine-generator capability 
has been increased by nearly 48 per cent, while calcu- 
lated net plant heat rate has been reduced by 10 to 11 per 
cent. These advantages have been acquired without 
major increase in the physical size of the plant or the 


TABLE 1—COMPARISION OF PERFORMANCE AND SIZE REHEAT 
AND NON-REHEAT DESIGNS 


Unit No. 1—Nonreheat Unit No. 2—Reheat 
Quantity: 
Primary steam pressure, 
turbine inlet, psig 25 1450 
Primary steam tempera- 
ture, turbine inlet, deg F é 1000 
Reheat steam pressure, 
turbine inlet, psig Pee 348 
Reheat steam temperature, 
turbine inlet, deg F gw ™ 1000 
Maximum continuous 
steam generating cap., 
lb/hr 400,000 430,000 
Turbine-generator name- 
plate rating, kw 40,000 50,000 
Turbine-generator maxi- 
mum capability, kw 44,000 65,000 
Feedwater heating stages 5 6 
Full load net generator 
heat-rate, Btu/kwhr 9,039 8,198 
Full load net plant heat- 
rate, Btu/kwhr 10,740 9,622 
Dimensions: 
Turbine, overall length, 
incl. gen. and exciter 55 ft 2 in. 
Boiler width (column spac- 
ing same in both cases) 37 ft O in. 
106 ft 2 in. 


65 ft 9 in. 


40 ft 0 in. 


Boiler height 106 ft 2 in. 


auxiliaries, and they are reflected in a reduction of the 
overall cost per kilowatt of installed capacity. 
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Table 2 provides a comparison of heat flow in Units 
No. 1 and No. 2. Here again the percentage increase 
in net generation for the reheat cycle is significant. 
Improvements due to boiler and condenser design, as 


TABLE 2—HEAT FLOW COMPARISON—UNITS NO. 1 AND NO. 2 


Unit No. 1 Unit No. 2 
Per Cent Per Cent 
Total heat 100 100 
Boiler loss 12.3 11.0 
Auxiliaries 1.95 1.97 
Condenser loss 53.85 51.33 
Net generation 31.9 35.7 


well as those attributable to the reheat turbine, con- 
tribute to the changes favoring better performance for 
Unit No. 2. Figs. 6 and 7 illustrate the heat balance 
conditions for Units No. 1 and No. 2 at maximum load. 
Fig. 8 provides a comparison of steam flows and plant heat 
rates for the two units. 
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The reheat steam generator of Unit No. 2, to be fur- 
nished by Combustion Engineering Company, will have 
a maximum continuous capacity of 430,000 lb of steam 
per hour with a superheater outlet pressure of 1500 psig 
and temperature of 1000 F with reheat to 1000 F. The 
turbine-generator, of General Electric design, will have a 
maximum capability of 65,000 kw. 

Designing engineers for both units of Russell Station 
are Gilbert Associates, of Reading, Pa. 


COMBUSTION—December 1948 


Role of the Gas Turbine 


Speaking at the A.S.M.E. Gas Turbine Power Dinner, 
Walker L. Cisler, executive vice president of The Detroit 
Edison Company, and consultant for both ERP and the 
Atomic Energy Commission, stated that every country 
now urgently needs more power to increase production 
and raise the standard of living. A visit to Europe 
within the past six weeks in connection with the Mar- 
shall Plan revealed the need for an additional 20 million 
kilowatts of capacity within the next four years to aug- 
ment the present installed capacity of 43 million kilo- 
watts. Most of this new capacity will be thermal. 

As for the United States, he cited a recent survey by 
the electric power industry and the Government show- 
ing a present installed capacity (private and public) 
of about 56,500,000 kw to meet an estimated peak of 
54,500,000 kw. This is in addition to more than 13, 
000,000 kw of capability represented by industrial, 
railway and other electric generating plants. Thus we 
have a total of 69,500,000 kw to serve 7 per cent of the 
world’s population, and in 1947 we generated 45 per 
cent of the world’s power production. 

During the next four years manufacturers of heavy 
power equipment will deliver units that will add 25 
million kilowatts to our present capacity, making a 
total of at least 94,500,000 kw by the end of 1952. It 
has been further estimated that by 1960 we will re- 
quire double the present installed capacity, and if the 
rate of load growth over the next 30 years is at only one- 
half that prevailing over the last 30 years, the capacity 
requirements by 1978 will be five times as great as at 
present. 

With reference to the place of the gas turbine, Mr. 
Cisler predicted its growing importance but not to the 
point that it would displace the steam turbine in the 
foreseeable future; instead, he believed it would sup- 
plement the latter. Abroad, the largest aggregate of 
gas turbine power is at Beznau, Switzerland, where 
40,000 kw will soon be housed under one roof. This 
comprises a 13,000-kw unit installed in 1927 and a 
27,000-kw unit scheduled for operation next January. 
The British and the French are each constructing ex- 
perimental units as large as 15,000 kw, with govern- 
ment support. 


Energy Demand Continues Upward 


Production of energy by electric utilities during the 
month of October 1948 set a new monthly record of 
24,351,355 kwhr, which is 0.5 per cent above the previous 
high, produced last August, and 8.8 per cent more than 
the output during October 1947. 

Of this total production, fuel burning plants accounted 
for 75.5 per cent. They burned 8,689,273 tons of 
bituminous coal, 351,179 tons of anthracite, 45,568,000 
mef of gas and 3,268,685 bbl of oil. The trend toward 
gas in place of fuel oil in certain sections of the country 
is shown by an increase in gas consumption of 20.6 per 
cent and a decrease in oil consumption of 19.1 per cent for 
the months of October 1948 and 1947, respectively. 
Coal stocks were the highest on record and sufficient to 
last an average of 91 days. 
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HEACON DAMPERS 


Variations in design of Heacon Dampers 
are made when specific applications make 
them necessary. One of the most unique 
dampets developed for special application 
is the double duty Heacon Damper here 
illustrated. 

This unit was designed to operate in tan- 
dem withtwoothers, for the control of 3,000 
h.p. blowers. It is actually a combination of 
two types: the SVH, seen partially closed 
through the grill, for regulating flow, and 
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the LH, or leaf type, shown in open position 
on near side. This LH damper acts as a 
check valve to prevent reverse flow. Both 
damper curtains use a common grill and 
provide maximum control for the blowers. 
Heacon Dampers are the answer to many 
flow control problems. Your problem may 
be a unique one that can be easily solved by 
our designs. Why not contact our repre- 
sentatives and let them help you with the 
solution to your control problem. 


Project & Sales Engineers 


FIRST NATIONAL BANK BLDG, 


GREENWICH, CONNECTICUT 
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FIELD PROJECT 
ENGINEERS 


ATLANTA, GEORGIA 
C. E. Johnson & Associate 
Bona Allen Building 


BOSTON 10, MASS. 
Thermix Engineering Co. 
88 Broad Street—Room 610 


BUFFALO, NEW YORK 
Johnston Engineering Co. 
1200 Niagara Street 


yam errs 2, N. C. 
. Heyward 
1408 Indepe ndence Bldg. 


a 2, TENN. 
Edgar A. Roge 
Chattanooga Bank Bldg. 


CHICAGO 6, ILLINOIS 
Cochrane Engineering Corp. 
309 West Jackson Boulevard 


CINCINNATI 2, OHIO 
Elliman Equipment Co. 
1101 Fed. Reserve Bank Bldg. 


CLEVELAND 15, OHIO 
H. W. Kaiser Company 
1836 Euclid Avenue 


DETROIT 2, MICHIGAN 
Metrol Company 
5538 Cass Avenue 


i TEXAS 
A. yg A ompany 
b O. Box 109 


KANSAS CITY, MISSOURI 
F. W. Hay & Company 
2734 Cherry Street 


LOS ANGELES, CALIF. 
A. W. Anderson 
164 So. Central Avenue 


MINNEAPOLIS 2, MINN. 
Hoyt A. Sevey 
314 South 9th Street 


ae Wik, 25, CANADA 
C. Chown, Ltd. 
140 St. Catherine St., West 


NEW HAVEN 5, CONN. 
Daniel Smerling 
P. O. Box 1169 


NEW CALEANS, LA. 
Arthur C. Ha 
1221-23 C arondelet Bldg. 


NEW YORK 7, N. Y. 
Parry Engineering Co. 
154 Nassau St. 


PHILADELPHIA 3, PA. 
Thermix Engineering Co. 
1003 Broad St. Station Bldg. 


PITTSBURGH 19, PA. 
Herr-Harris Company 
545 William Penn Way 


PORTLAND 4, OREGON 
Lee & Freeman, Inc. 
Room 302, Governor Bldg. 
408 S. W. 2nd Avenue 


RICHMOND 1, VA. 
Frank Howell Company 
Room 412, American Bldg. 


ROCHESTER 4, N. Y. 
Johnston Engineering Co. 
31 Gibbs Street 


ST. LOUIS 8, MISSOURI 
Economy Equipment Co. 
4526 Olive Street 


SALT LAKE CITY 9, UTAH 
The Lang Company 
26/7 West First South 
r. O. Box 419 


SAN FRANCISCO 4, CALIF. 
S. Herbert Lanyon 
58 Sutter Street 


SCHENECTADY 8, N. Y. 
D. R. Whipple 
6 Morris Avenue 


SEATTLE 4, WASH. 
Lee & Freeman, Inc. 
1550 First Ave., South 


beds gt th 11, D. C. 
McGuire Company 
17 ‘enaaey Street, N.W. 











pe 


te; 
mi 
pe 
on 


Re 


in 
lec 
th 
ley 


pr 
ins 
cy 
thi 


CC 





Steam Reheating Highlights 
A.S.M.E. Annual Meeting 


of Mechanical Engineers, held at the Hotel Penn- 

sylvania, New York, Nov. 28 to Dec. 3, presented 
a varied program of more than two hundred technical 
papers, Symposiums and talks in the fields of applied 
mechanics, management, production, fuels, steam and 
gas power, hydraulics, lubrication, heat transfer, 
machine design, instruments, railroad engineering, 
materials handling, etc. A new feature this year was an 
hour’s Coast-to-Coast broadcast on Tuesday evening 
under the auspices of ‘‘America’s Town Hall Meeting 
of the Air.”” The topic of debate was ‘‘Are Our Ideals 
Being Destroyed by The Machine Age?’’ Defending the 
machine age were past president W. L. Batt and L. J. 
Fletcher, of Caterpillar Tractor, and opposing it were Dr. 
John Haynes Holms, pastor of the Community Church, 
New York, and Dr. C. G. Kuebler, president of Ripon 
College. Space here permits reporting only a fraction 
of the technical program. 

From the standpoint of those having a primary in- 
terest in steam power, the Power Sessions on Wednesday 
morning and afternoon presenting, respectively, four 
papers on turbines for the reheat cycle and three papers 
on reheat boilers, were outstanding. 


[en 69th Annual Meeting of the American Society 


Reheat Turbines 


In a paper dealing with “Steam Turbines for the 
Resuperheat Cycle,’’ E. E. Parker of General Electric 
Company drew a parallel between the current revival of 
interest in and use of that cycle with conditions that 
led to its wide application twenty-five years ago. At 
that time initial steam temperatures had reached the 
level of 750 F and a gain of 5 to 6 per cent was obtained 
by employing the resuperheat cycle. Altogether ap- 
proximately 2,460,000 kw of turbine capacity was so 
installed. This gain was not equalled by non-reheat 
cycles until progress permitted initial temperatures of 
the order of 900 F. 
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At present initial steam temperatures of 900 to 950 F 
are common in central station practice and considerable 
capacity is being installed for 1000 and 1050 F. By ap- 
plication of the resuperheat cycle at 1000 F, station heat 
rates can be achieved which will likely equal those 
possible in the future at initial temperatures of 1150 to 
1200 F without resuperheat. 

An indication of the renewed interest in this cycle is 
shown by the fact that General Electric Company alone 
now has under construction or on order approximately 
1'/, million kilowatts of turbine capacity employing re- 
superheat, the first of these being scheduled for service 
in 1949. 

The most recent machine now in service employing 
this cycle is a cross-compound unit operating at 2300, 
psig initial pressure, 940 F at the Twin Branch Station 
of the Indiana & Michigan Electric Company, where 
steam is reheated to 900 F and a station heat rate of 
10,035 Btu per kwhr has been reported for six months 
operation up to July 1948. 

Mr. Parker then showed cross-sections of a number of 
current designs of resuperheating turbines and com- 
pared them with units of this type in the earlier era. 
Two designs of resuperheat turbines, tandem and cross- 
compound, in ratings from 50,000 to 125,000 kw are 
now being built by his company. Of special interest are 
the 125,000-kw (150,000-kw maximum) units now 
under construction for the Philip Sporn Station and 
some other plants of the American Gas & Electric Sys- 
tem. In these the 3600-rpm high-pressure element will 
receive steam at 2000 psig, 1050 F and exhaust to the 
reheater where it will be resuperheated to 1000 F and 
pass to the 1800-rpm tandem-compound, double-flow 
low-pressure turbine. At maximum load the steam will 
enter the low-pressure turbine at 375 psig. 

The high-pressure turbine employs special stabilized 
stainless steel for all parts operating at 1050 F, double 
high-pressure shell construction, and a special arrange- 
ment of packing steam flow to cool the outer shell. 


Late design of 3600-rpm double-flow tandem-compound turbine employing reheat 
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Because of this double-shell construction, the use of 
stainless steel is limited to the inner shell, with only the 
forward portion of it extending beyond the second stage, 
at which point the stainless steel is dovetailed to a 
special low-alloy steel shell. 

A recent design for the resuperheat cycle, as here 
shown, is a 3600-rpm tandem-compound, double-flow 
unit resembling the equivalent size of non-reheat tur- 
bine. In this the high-pressure steam enters the turbine 
shell at mid-section and travels forward (away from the 
generator). It is exhausted to the reheater at the for- 
ward end of the turbine adjacent to the No. 1 bearing 
standard and re-enters from the reheater immediately 
adjacent to the point at which the high-pressure steam 
is admitted. Thus only one portion of the shell is sub- 
jected to the high temperature of the initial resuper- 
heated steam, and severe temperature gradients are 
eliminated. 


Control Requirements 


A resuperheat turbine requires those controls cus- 
tomarily used on non-reheat machines, plus an inter- 
cept valve with its control. This valve, as shown in the 
accompanying diagram, is located close to the turbine 














L.P TURBINE GEN. 

















CONDENSER 


Diagram showing location of intercept valve and safety 
valves in reheater steam lines 


in the line returning the steam from the reheater, and 
its purpose is to prevent turbine speed from reaching 
110 per cent and thus tripping the emergency governor 
when a sudden loss of load occurs. Because of the 
addition of the intercept valve, full capacity safety 
valves must be installed between the exhaust of the 
high-pressure turbine and the intercept valve. 
Although only an intercept valve and a governor for 
its operation need be added to the usual turbine con- 
trols for resuperheat, operation involves other prob- 
lems, such as (1) protection of the reheater upon sudden 
loss of load or during starting, and (2) protection of the 
exhaust portion of the turbine and condenser against 
overheating during starting or operation at no load or 
very light load. Protection of the reheater is being met 
by automatic provision for controlling the fires, and 
protection against overheating the exhaust end of the 
turbine depends upon the boiler characteristics and the 
operating cycle. For short periods at no load or light, 
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no protection may be necessary, whereas for prolonged 
operation under such conditions provisions for protec 
tion should be made if the boiler characteristics are such 
that there is a temperature rise of some magnitude (sa\ 
50 deg) in the steam passing through the reheater. 

In concluding his paper, Mr. Parker observed that 
employment of the resuperheat cycle permits construc- 
tion of new electric generating stations with heat rates 
4 to 5 per cent lower than non-reheat installations at the 
same pressure and temperature levels—a most impor- 
tant point in view of present-day fuel costs. 


E. E. Harris and A. O. White of the General Electric 
Company, in a paper entitled ‘‘Developments in Re- 
superheating in Steam Power Plants,’’ discussed theo- 
retical considerations of improved efficiency resulting 
from the adoption of the reheat cycle in such plants. 
Pointing out that resuperheating has been applied 
to steam power plants of all types and sizes for a great 
many years without major operating difficulties, they 
emphasized its significance at a time when increasing 
fuel costs parallel a marked reduction in the differen- 
tial costs between reheat and non-reheat units. 

In the past both steam reheaters and gas reheaters 
have been used. However, since the gains from the 
former are entirely non-thermodynamic, the authors 
limited themselves primarily to consideration of the gas 
reheater. Their paper, therefore, evaluated the gains 
realizable from reheating under various conditions, in- 
cluding optimum reheater pressure, temperature, re- 
heater pressure drop, and the effect on the efficiency of 
the various turbine sections. 

Not only is the average moisture less during expan- 
sion under the reheat cycle, but also less work is done 
in the moisture region, thereby resulting in a marked 
increase in the utilized energy for a given available 
energy. This inherent advantage of the reheat cycle is 
taken into account as an increase in the turbine effi- 
ciency from the reheat point to the exhaust. In addi- 
tion to this gain, the increase in available energy re- 
quires less steam flow for the same output. Advantage 
of this condition may be taken by using the same last 
stage combination in the reheat unit as on the non- 
reheat unit, thereby obtaining an increase in efficiency 
due to the reduction in exhaust loss; or by reducing the 
area of the last stage combination, thus allowing the use 
of a slightly smaller and less expensive turbine. The 
authors indicated a preference for the first alternative 
for reasons of actual manufacturing and design prac- 
tice. 

The reduction in steam flow previously mentioned 
also permits a reduction in the size of the boiler, con- 
denser, feedwater heaters and related piping. Substan- 
tial savings are possible if full advantage is taken of re- 
duction in equipment size, and these should be credited 
to the reheat cycle to help offset the increased cost of the 
reheat turbine and boiler. 

An additional significant advantage of the reheat 
cycle, as pointed out by Messrs. Harris and White, in 
locations where cooling water supply is limited, is that 
the reduced heat rejection requires less cooling water 
for the same rating. In cases of strict limitation the 
installation of reheat may result in from 71/, to 11 per 
cent more capacity than in non-reheat units. 
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The authors developed equations for heat rates of 
non-reheat and reheat cycles as follows: 
F(H — hg) 
Gen. output — input to blr. feed pump 
F(H — hy) He) 
Gen. output — input to blr. feed pump 


Non-reheat, Btu/kwhr = 


LF - 
Reheat, Btu/kwhr = + Fr(Hr 


where 
F throttle flow, lb/hr 
Fr rcheater flow, lb/hr 
H in.tial enthalpy 


Hr 
He 
hg 


enthalpy after reheater 
enthalpy to reheater 
actual enthalpy of feedwater entering heater 


inuunu ui 


They also plotted curves to show that reheat provides a 
reduction of 6 to 7 per cent in heat consumption over a 
non-reheat plant, assuming reheating to the initial tem- 
perature under conditions of optimum reheat pressure. 
The latter is a function of initial steam conditions, par- 
ticularly the pressure and, to a lesser extent, the tem- 
perature. It was indicated that the reheat pressure at 
which maximum gain occurs varies from 10 to 18 per 
cent of the initial pressure. The gain itself is a function 
of steam conditions, turbine efficiencies, per cent exhaust 
loss, feed-heating arrangement and reheater pressure 
drop. 

The heat rate of a reheat cycle is markedly affected 
by the pressure drop in the reheater and connecting 
piping. It is also affected, to a rather small but defi- 
nite extent, by a change in condenser pressure. As 
might be anticipated, the gain due to reheat also varies 
with the load on the unit. While the authors did not 
investigate fully the relation of load variation to gains 
in reheat, they indicated that the reheat pressure at 
rated load should be chosen higher than the optimum 
for the steam conditions involved in order to maintain 
economy at partial load. 

Although their paper was based on reheating to the 
initial temperature, the authors stated that a difference 
of 50 deg between the initial and reheat temperatures 
changes the heat rate on the order of 0.6 per cent. In 
some instances such a lower temperature is selected to 
reduce problems concerned with the design of the re- 
heater and low-pressure-section of the turbine. 

The conclusion was that reduction in heat consump- 
tion and allied fuel costs of 4'/. to 5 per cent may be 
realized at outputs from about */; load to 25 per cent 
over rating in turbines rated in excess of 40,000 kw and 
at moderately high steam pressures. 


Robert L. Reynolds and Homer R. Reese of Westing- 
house Electric Corporation outlined the history of the 
reheat cycle and showed the improvement in thermal 
efficiency to be derived from its use under various 
operating conditions in a paper entitled ““Reheating in 
Steam Turbines.’”’ Such factors as regenerative feed- 
water heating, pressure drop through the reheater and 
its piping, temperature of reheated steam, reduced 
throttle and exhaust steam flows, and changes in mois- 
ture content and condenser heat absorption were con- 
sidered in the development of the paper. - 

Except for a few isolated and relatively minor appli- 
cations, the reheat cycle first came into use about 1925 
When initial steam conditions were limited to around 
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100 psig and 700-750 F. because of existing metallurgi- 
cal advancement and by erosion of the last stages of 
turbine blading because of excessive moisture. These 
factors brought about the limited use of the reheat cycle 
to permit an increase in initial pressure above the 400- 
psig level. Subsequent improvements in turbine de- 
sign, including those which effected reduction of erosion 
of the low-pressure blading by changing the shape and 
attaching erosion-resisting strips as well as the use of 
alloy steel materials, permitted use in the early 1930's of 
still higher pressures and temperatures of around 850 F, 
As a result, still higher pressures and temperatures be- 
came common and the reheat cycle was seldom em- 
ployed for new installations. 

More recently steam temperatures and pressures have 
been extended to the range of 1500 psig and higher and 
1050 F; but operating experience is needed to prove the 
dependability and practical economy of plants con- 
structed for these advanced steam conditions, tem- 
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INCREASE IN THERMAL EFFICIENCY % 
ph w 


PRESSURE BEFORE REHEATER—PSIA 


Increase in thermal efficiency by reheating to different 
temperatures with initial —— conditions 1450 psig and 
1 


perature in particular. Now the reheat cycle is ex- 

periencing a rebirth of popularity in a desire to attain 

further economy to partly offset increased fuel costs. 
Three methods of applying reheat have been used: 


(a) Boiler reheat 
(b) Steam reheat 
(c) Combination of boiler and steam reheat. 


Reheating with live steam has little or no effect on 
the heat rate and was used only to reduce exhaust mois- 
ture; hence it is no longer being considered. The com- 
bined fuel-fired and steam-reheat cycle was used in 
some installations to maintain closer control of the re- 
heat steam temperature, but it involved complexity and 
is no longer found necessary. Thus only boiler reheat is 
now being considered, usually with the reheat section 
located between the primary and secondary super- 
heater sections. 

The use of reheat makes possible the attainment of 
high thermal efficiencies without using high initial tem- 
peratures. For example, when steam is reheated to its 
initial temperature, the reduction in heat rate is 
equivalent to that obtained by increasing the initial 
temperature by 150 to 200 deg F with the non-reheat 
cycle. Thus a 900-F turbine, reheating to 900 F, will 
have about the same efficiency as a 1075-F turbine 
without reheat. 

A consideration of theoretical thermodynamic re- 
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heat and non-reheat cycles indicates an optimum gain of 
approximately 8'/, per cent at a reheat pressure of 
about ten per cent of the initial pressure. In practice, 
this improvement cannot be fully realized because of 
the pressure drop through the reheater and its piping, 
the difference between the reheat and initial tempera- 
tures which sometimes exists, and the number of stages 
of regenerative feedwater heating. 

The authors showed several sets of curves indicating 
the effect of reheat temperature on thermal gain under 
various steam conditions. Typical of these is the set 
here reproduced for 1450 psig, 1000 F initial steam con- 
ditions with five stages of feed heating, 1.5 in. Hg abs 
back pressure, 10 per cent pressure drop through the re- 
heater. 

The pressure drop in the piping to and from the re- 
heater is generally on the order of ten per cent of the 
absolute pressure of the exhaust of the turbine high- 
pressure section. While this value may be reduced by 
liberal sizing of piping and valves, the additional cost of 
oversize equipment can seldom be economically justi- 
fied. 

Regenerative feedwater heating has a compensating 
effect in the gain realized from the reheat cycle, the gain 
decreasing as the number of stages of steam extraction 
increases. 

Messrs. Reynolds and Reese included in their paper 
the following empirical formula which can be used, 
within fairly broad limitations, to estimate the increase 
in thermal efficiency obtainable from the use of reheat 
at optimum reheat pressure: 


“ _ AP\(, _v*®\(, 4-4 
ia 825(1 “ale 6 )Q 380 


where 
r = reduction in heat consumption rate realized by reheat, % 
Ap = pressure drop through reheater and reheater piping, % of 
absolute pressure before reheater 
n = number of stages of regenerative feedwater heating 
t; = initial steam temperature, F 
t = reheat steam temperature, F 


The use of reheat materially reduces the steam flow to 
the turbine, thereby permitting a reduction in the size 
of the boiler, high-pressure steam piping and valves, and 
feedwater heating and boiler feed pump equipment. 
Exhaust steam flow is also reduced, although an in- 
crease in its specific volume tends to counteract this re- 
duction. 


Types of Turbine Construction 


Three types of turbine construction are now being 
considered by turbine builders. (These three types are 
shown diagrammatically in the accompanying figures.) 

In arrangement A three cylinders are used. Steam, 
after expanding through the high-pressure element, is 
reheated, after which it expands through the inter- 
mediate- and low-pressure elements in series. This 
arrangement, though slightly more efficient and more 
conservative in design than the others, has the dis- 
advantage of greater unit length. 

In arrangement B high-pressure steam enters near 
the center of the combined high- and intermediate- 
pressure element, passing in one direction to the other 
end. After being reheated, the steam again enters near 
the center and passes in the opposite direction to the 
other end of the same turbine element before passing to 
the low-pressure element. While this arrangement 
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minimizes difficulties due to large temperature dif- 
ferentials in the high-pressure element, it introduces 
some control problems and results in some loss in 
efficiency due to pressure drop across the leakage of 
steam through the diaphragm. 

In arrangement C high-pressure steam enters one end, 
exhausts to the reheater near the center, then again 
enters near the center and passes in the same direction 
to the low-pressure end, before passing to the low-pres- 
sure element. The third arrangement has greater tem- 
perature differences across the center diaphragm, but 
has the advantage of practically no pressure drop across 
this diaphragm. 

The design of reheat turbine units necessitates that 
particular conditions be given to steam control under all 
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ARRANGEMENT C 


Three turbine arrangements for reheat 


possible normal and abnormal conditions of service. 
Solution of such control problems makes essential close 
cooperation between designers of the plant, boiler, tur- 
bine and auxiliary equipment. 

The authors concluded by citing the following ad- 
vantages and disadvantages of the reheat cycle: 


Advantages 


(a) Material reduction in heat and fuel consump- 
tion rates 

(b) Reduction in size and cost of main boiler, con- 
denser, and heater equipment 

(c) Reduction in exhaust moisture, resulting in 
lower blade erosion and higher stage effici- 
ency in the low-pressure section 


Disadvantages 
(a) Greater unit length 
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(b) Higher costs of turbine and station piping 
(c) Additional cost of reheater equipment 


In weighing the advantages and disadvantages of the 
reheat cycle particular consideration must be given to 
load factor and cost of fuel. Currently the cycle is 
proving economically desirable in the larger units where 
fuel costs and load factors are high. 


C. A. Robertson of Allis-Chalmers Mfg. Co., in a 
paper concerning operating experiences with regenera- 
tive, reheat-turbine installations, dealt principally with 
the design and performance of several large units 
placed in service since 1930 and other units now being 
installed or under construction. The four earlier units 
have a single-flow high-pressure reaction element and a 
double-flow low-pressure reaction element, both coupled 
in tandem to an 1800-rpm generator. The reheat belt 
is in the middle of the high-pressure cylinder with a 
diaphragm between the outlet to, and the inlet from, 
the reheater. Designs of the recent units are essentially 
the same, except that they involve slightly higher steam 
conditions and both impulse and reaction stages. 

Because of the presence of a large volume of steam 
in the reheat lines and the reheater, protective devices 
for the reheater call for intercepting valves or their 
equivalent in the reheat lines. These intercepting 
valves are under ccntrol of the main speed governor 
and are arranged to close if the speed of the unit in- 
creases to approximately 3 or 4 per cent above normal— 
an arrangement that has proved entirely satisfactory 
without causing undue complication of the governor 
gear, 

The four reheat turbines now in operation comprise 
a 65,000-kw unit and a 115,000-kw unit installed in the 
same station in 1930 and 1931, respectively, and a 
second station containing two 80,000-kw machines in- 
stalled in 1935 and 1943. Two additional units of 
80,000 kw are under construction for the latter station, 
their design being shown in the cross-section herewith. 
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(® REHEATER SAFETY VALVES 
(@ REHEAT DIAPHRAGM WITHIN H.P CYLINDER 


Schematic diagram of unit boiler and turbine installation 
with reheat protective devices 


Each unit in the first station is supplied from banks of 
boilers plus a separate reheat boiler, with initial steam 
conditions of 650 psig, 750 F and reheat at 750 F; 
whereas the units in the second station each have single 
boilers with self-contained reheaters, and the steam con- 
ditions are 1230 psig, 825 F and 1290 psig, 850 F, re- 
spectively. Reheating is to the initial temperature. 

Design of each of these reheat turbines was based on 
the consideration that division of pressure at the ex- 
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Sectional view of new 80,000-kw, 1800-rpm regenerative reheat unit 
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haust of the high-pressure and the inlet to the low-pres- 
sure elements would be at approximately 20 psia, or 
nearly atmospheric pressure, the reheat stage to be 
located in the high-pressure cylinder. This involves a 
diaphragm separating the high- and low-temperature 
reheat steam and requires large extraction belts or 
passages. Differential expansions between the parts of 
the turbine rotor and the cylinder, resulting from the 
introduction of reheat within the cylinder, have given 
no cause for concern. In fact, their magnitude, as 
affecting radial clearances, have been no greater than in 
a straight condensing turbine. Moreover, the large 
extraction belts for the reheat steam and the large re- 
heat pipe connections have resulted in no more difficul- 
ties than those offered by applying the regeneration 
extraction cycle. 

Advantages of having the belt in the middle of the 
high-pressure cylinder were summarized by Mr. 
Robertson as follows: 

1. It maintains the conventional straight condensing 
form of cylinder design characterized by uni-directional 
flow and maintenance of small diameter in the high- 
pressure, high-temperature region, with gradually in- 
creasing’ diameter toward the low-pressure end. 

2. Leakage losses through the diaphragm are rela- 
tively low because the pressure drop across it is small. 

3. With approximately atmospheric pressure at 
either end of the casing, the shaft packing problem is 
comparatively simple. 

Mr. Robertson observed that with reheat units the 
large volume of steam stored in the reheat piping and re- 
heater possesses enormous potential energy not under 
control of the main inlet valves, thus necessitating pro- 
tective equipment such as intercepting valves and un- 
loading valves in the reheat lines. He then proceeded to 
describe their operation as applied to the turbines men- 
tioned. The accompanying diagram shows the arrange- 
ment schematically. A variation of this layout was 
suggested which involved elimination of the intercepting 
valves from the reheat lines and the substitution of very 
large steam unloading valves connected between the re- 
heat line and the condenser. These valves would begin 
to open at about 2 to 3 per cent overspeed and would be 
wide open at between 4 and 5 per cent overspeed. 


Reheat Boilers 


Under the title ‘‘Modern Reheat Boilers,’’ W. S. 
Patterson of Combustion Engineering Company, after a 
brief résumé of reheat progress, dealt with some of the 
design factors involved, citing typical installations, and 
briefly discussed operation. 

As to design factors, he pointed out that with a 
specified primary steam temperature of 1050 F and re- 
heat to 1000 F, the combined superheater heat absorp- 
tion is about 40 per cent of the total heat absorption of 
all pressure parts, including furnace, boiler and econo- 
mizer. In other words, the unit must be considered as 
built around the superheater and reheater. 

Design is further influenced by the specified load 
range over which the steam temperature must be held 
constant. Since it is characteristic of a convection-type 
superheater that the outlet steam temperature increases 
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as the load increases (perhaps as much as 75 deg F from 
half to full load), it follows that if full steam temperature 
conditions are specified at reduced load a control must 
be furnished to keep the steam temperature from rising, 
The primary cause of higher steam temperature at in- 
creased output is increased gas temperature. When 
high primary and reheat steam temperatures are to be 
obtained by convection heat transfer, with pulverized 
coal firing and fixed burners the gas temperature leaving 
the furnace may be close to the ash-fusion temperature, 








Design typical of eleven C. E. reheat units now under 
construction 


even at half load. Obviously, an increase in output 
with fixed burners will therefore produce two objec- 
tional effects, namely, excessive furnace gas temperature 
and excessive steam temperature. It is therefore im- 
portant to control the cause rather than the result of 
these increased temperatures. This can be done with 
tilting burners to give in effect an adjustable furnace. 
The furnace can be designed to give the required exit 
gas temperature at maximum load with the burners 
horizontal, and at lower loads they are tilted upward to 
control the gas temperature to exactly that required to 
give constant steam temperature. 
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By properly proportioning and locating the reheater, 
the final reheat and superheat temperature are both 
controlled by burner tilt, and the tilt angle is auto- 
matically actuated by changes in the reheat tempera- 
ture. Temperature of the primary steam may require 
supplementary control by spray desuperheating. 

Steam pressure drop between the high-pressure tur- 
bine exhaust and the low-pressure inlet must be kept to 
a minimum in order to obtain maximum efficiency with 
the reheat cycle. However, a reasonably large pressure 
drop of 20 to 25 lb must be taken across the reheater 
proper to insure adequate steam distribution and pro- 
tection against overheating in individual circuits. 

The well-known forced-circulation unit at the Somer- 
set Station of the Montaup Electric Company was cited 
as one of the very large high-pressure boilers (2000 psi 
design) employing an integral convection reheater. 
Here the primary steam temperature is 960 F and the 
reheat temperature 765 F. 

Reheat boilers have been selected for a number of new 
plants since World War II and Mr. Patterson discussed 
the design features of the one here reproduced as typical 
of eleven units, all of which employ furnaces of the dry- 
bottom type in order to take full advantage of the 
effect of tilting burners. In these units the reheater is 
placed between the high- and the low-temperature 
sections of the primary superheater. 

In conclusion, it was pointed out that when all super- 
heating and reheating can be accomplished with convec- 
tion surface, these modern reheat units as designed by 
the author’s company are not much different in appear- 
ance from large non-reheat units, since the reheater is 
simply placed between the primary and secondary super- 
heater. The secret of this simplicity, Mr. Patterson said, 
lies in the ability to design a unit with controlled gas 
temperature leaving the furnace through the use of tilt- 
ing burners. 





In a paper on “High-Pressure Boilers with Reheaters”’ 
W. H. Rowand, A. E. Raynor and F. X. Gilg, of Babcock 
& Wilcox Company, reviewed a number of reheat in- 
stallations with moderate pressures and temperatures 
that have been in service for about 20 yr. In a number 
of these the reheater constituted a separate section 
above and to the rear of the boiler proper and served to 
reheat the steam supplied to the turbine by several 
boilers. The gases traversed the reheater at about 
1200 F. This contrasts with the more recent practice of 
placing the reheater within the boiler in a zone of high- 
temperature gas and reheating the steam to near the 
initial temperature. 

Among several such units described was the latest 
addition to Twin Branch Station shown in the accom- 
panying cross-section. This is designed to produce 
930,000 Ib of steam per hour at 2080 psi, 1050 F and to 
reheat 835,000 Ib at 425 psi from 662 F to 1000 F. The 
boiler is designed for 89.3 per cent efficiency which, to- 
gether with the reheat cycle, is expected to result in a 
net station heat rate of 9300 Btu per kwhr. - 

With such high primary and reheat temperatures 
accurate control is essential and is being provided in 
this case by a spray attemperator, located between two 
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sections of the superheater, for controlling the primary 
steam temperature; and a second attemperator at the 
reheater inlet for controlling the reheat steam tempera- 
ture. . 

Units to operate under like conditions, but with dry- 
bottom type of furnace, are under construction for the 
new Philip Sporn Station. 

With reference to comparable costs between reheat 
and non-reheat units, the paper pointed out that one 
must take into account the fact that the heat input and 
primary steam output will be less for the reheat unit 
when both are designed to produce steam for the same 
kilowatt capacity with the same primary steam condi- 
tions, the same boiler efficiency and the same draft loss. 


Section through latest unit for Twin Branch Station 


The width of the reheat unit will be less and the non- 
reheat unit will require more economizer surface to make 
up for the heat absorption of the reheat surface. How- 
ever, economizer surface is less costly than reheater 
surface because of the lower temperature. 

Design and price studies indicate that a reheat unit 
for initial conditions of 1500 psi, 1000 F will cost about 
5 per cent more than a non-reheat unit for capacities of 
60,000 or 80,000 kw, regardless of whether designed for 
dry-ash or liquid-ash removal. When the initial steam 
conditions are of the order of 2035 psi, 1050 F and 1000 
F reheat, the cost of the reheat unit will be about 7'/, 
per cent greater. 
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“Steam Generating Equipment for Resuperheating 
Cycles’’ was the title of a paper by Martin Frisch, of 
Foster Wheeler Corporation. This dealt with some of 
the technical problems involved in designing steam 
generators for resuperheating, with particular reference 
to costs as compared with non-resuperheating units. 

The author began by analyzing units utilizing con- 
vection surface only for superheating and resuperheat- 
ing and pointed out that they are more difficult to de- 
sign for equal fuel flexibility and reliability than non- 
resuperheating units for the same primary steam con- 
ditions. He stated that in obtaining full primary and 
resuperheated temperature over a wide load range, 
difficulty is experienced in providing sufficient heat in 
the gas leaving the furnace unless small furnaces having 
what have been considered excessively high exit tem- 
peratures are used. Since furnace design is governed 
by fuel characteristics, and particularly by slagging 
properties of the ash, the temperature of the furnace gas 
entering the superheating and resuperheating zone must 
be limited to preclude slagging, a condition which is met 
not only with coal but with liquid fuels, as well. Cor- 
rection can be had by limiting furnace exit tempera- 
tures and by having the tubes of the convection section 
widely spaced, factors which sometimes combine to in- 
crease the size of the convection section to impractical 
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dimensions and to increase the cost beyond what has 
been considered reasonable in the past. 

He emphasized the importance of the fundamentals 
of heat transfer and cautioned against passing judgment 
on the adequacy of a furnace by mere consideration of 
the heat liberation per square foot of furnace absorbing 
surface. Other factors such as the weight and tem- 
perature of gas, extent and effectiveness of heat-absorb- 
ing surfaces, excess air, and the shape, volume, location 
and distribution of the flame must be considered. 

Referring to radiant resuperheaters, Mr. Frisch con- 
sidered these especially effective in permitting lower 
furnace exit temperatures than those required if only 
convection superheaters are used. For plants which are 
faced with the necessity of burning fuels having ash of 
very low softening temperatures, this advantage of the 
radiant type may be significant. 

Steam generator prices are sensitive to arrangement 
and proportions of component parts. This was illus- 
trated by the first set of accompanying curves, in which 
the full-load temperature of gas to the superheater is 
plotted against the approximate price of a steam gener- 
ator for 100,000-kw turbine capability. It will be noted 
that, while the cost of the steam generator on the basis 
of dollars per thousand Btu per hour and per pound of 
steam per hour is greater for the reheat than the non- 
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reheat cycle, the cost of the steam generator in dollars 
per kilowatt is substantially comparable for both types 
of cycle. 

The second set of curves illustrates the effect of unit 
size and cycle type on the cost of resuperheating and 
non-resuperheating steam generators for a full-load gas 
temperature of 2000 F at the superheater. For fuels re- 
quiring furnace exit temperatures of less than 2000 F, as 
shown, resuperheating units of the convection type tend 
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Ar = Reheat cycle with 2000 psi at high-pressure turbine inlet, 385 psi at 
low-pressure turbine inlet, 1050 F primary steam and 1000 F reheat. 

An = Non-reheat cycle with 2000 psi, 1050 F initial steam 

Br = Reheat cycle with 1450 psi, 1000 F initial steam and 385 psi, 1000 F 
reheat steam 

Bn = Non-reheat cycle with 1450 psi, 1000 F initial steam 

Cr = Reheat cycle with 1250 psi, 950 F initial and 360 psi, 950 F reheat 
steam 
Cn = Non-reheat cycle with 1250 psi, 950 F initial steam 
Dn = Non-reheat cycle with 850 psi, 900 F initial steam 

En Non-reheat cycle with 600 psi, 825 F initial steam 

The prices include furnace, superheater (with condenser or spray control), 
resuperheater (with spray control), boiler, economizer, air heater, twin-ex- 
hauster ball mill firing equipment, valves, fittings, soot blowers, fans, ducts, 
casings, refractories, insulation and structural steel; but not foundations, 
platforms, stairs ash hoppers and removal equipment, instruments, automatic 
controls and primary and resuperheated steam piping. 
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to become prohibitive in price, whereas units with 
radiant sections are still economically feasible. 

Mr. Frisch offered the following conclusions: 

1. Steam generators for turbine-generators employ- 
ing resuperheating cycles cost little if any more and 
may, under some conditions, cost less than those for 
non-resuperheating units for the same turbine ca- 
pability and primary steam conditions. 

2. Resuperheating units with superheaters and re- 
superheaters entirely of the convection type are more 
difficult to design for low furnace exit temperatures and 
are more restricted as to choice of fuel than the non- 
resuperheating units. 

3. Resuperheating units with radiant superheaters 
and resuperheaters are not restricted as to choice of 
fuel, 

4. While operating limitations of resuperheating 
units imposed by the slagging characteristics of the ash 
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in the fuel are more severe and starting and control 
problems require more care, resuperheating units re- 
quire little more skill to operate than non-resuperheat- 
ing units for the same primary steam conditions. 

5. Secondary but important effects tending to re- 
duce the first cost of resuperheating plants are the reduc- 
tion in the capacity of fuel handling and storage facili- 
ties and plant auxiliary equipment in combination with 
an increase in station sendout per kilowatt turbine 
capability. 


Graphitization of High-Temperature 
Welded Piping 


It will be recalled that failure of steam piping at 
Springdale Station early in 1943 instigated investiga- 
tions in several other plants to discover the cause of 
graphite formation in carbon-molybdenum pipe and 
welded steam lines. Investigations were carried out at 
Battelle under the auspices of the Edison Electric Insti- 
tute and the Association of Edison Illuminating Com- 
panies, as well as independent studies by The Detroit 
Edison Company, the Philadelphia Electric Company, 
and others. Reports were presented at several succeed- 
ing A.S.M.E. Annual Meetings, and this year a further 
report was contained in a paper by J. B. Abele of the 
Philadelphia Electric Company and Prof. A. E. White of 
the University of Michigan. 

Mr. Abele’s section of the paper dealt with the work 
which had been done by the Philadelphia Electric Com- 
pany since the fall of 1946 in ascertaining the degree 
of graphitization found in its Chester, Schuylkill and 
Richmond Stations. 

The pipe under investigation at Chester Station was 
carbon-molybdenum killed with '/, lb of aluminum per 
ton of steel, which had been in service since 1941 at 
1250 psi, 925 F. Here, where approximately 20,000 
service hours had been added since the previous report, 
no appreciable amount of graphite had formed on either 
side of the welds. 

At Schuylkill, where heavy graphitization was pre- 
viously reported, the piping in service since 1938 at 1250 
psi, 900 F, is carbon-molybdenum killed with 1.8 lb of 
aluminum per ton of steel. Samples were taken from 
welds previously sampled and represent an additional 
25,000 hr of service. In two of these later samples the 
amount of graphite in the heat-affected zones appeared 
somewhat greater and more continuous than in the 
earlier samples; although in another sample the 
graphitization did not appear as severe. 

It was thought that the small amount of aluminum 
used in killing the steel for the piping at Chester, as con- 
trasted with the larger amount for the Schuylkill piping 
may have been the reason for the difference in the 
amount of graphite found in the welds at the two sta- 
tions. 

At Richmond Station carbon steel pipe had been in 
service at 400 psi, 850 F since 1943, although from 1935 
to 1943 the operating temperature had been increased to 
875 F with occasional swings to 900 F. Here a full 
section of 20 in. O.D. pipe, with a weld in the middle, 
was removed for tension test. The section broke in the 
heat-affected zone under a load of 46,830 psi, and that 
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in the weld yielded at a load equivalent to 19,280 psi. 
The strength of the original pipe had been reported as 
70,900 psi, although after 92,000 hr the metal itself had 
undergone structural changes reducing its strength to 
between 56,000 and 57,000 psi. 

An investigation by Prof. A. E. White at the Uni- 
versity of Michigan disclosed the fact that solutior 
treatment followed by proper stress relief placed the 
graphitized metal in a safe state of strength and duc- 
tility. It was therefore decided to repair the pipe by 
this method rather than replace the welds. 

The procedure in restoration of the properties of 
graphitized weld sections by heat treatment was de- 
scribed by Professor White in the second part of the 
paper. This involves heating the graphitized sections 
above the upper critical temperature for a sufficient 
time to permit the graphite to go back into solution, 
with a time interval at this temperature sufficient to 
provide for the best possible dispersion of the resultant 
carbide. In this case a temperature of 1700 F, con- 
tinued over a period of two hours, was found adequate. 

The field solution treatment resulted in the metal in 
the weld zone having the same strength and ductility at 
room temperature as was found in the original pipe after 
it had been in service for 92,000 hr; but, as was ex- 
pected, the weld-deposited metal was the weakest. 

In conclusion, Professor White pointed out that this 
treatment is not one that will effect a cure, but it will 
permit the continued use of the pipe for possibly as long 
as it had been used previously. 





Corrosion-Erosion of Feed Pumps and 
Valves 


At the 1946 Annual Meeting, Messrs. Decker, 
Wagner and Marsh of The Detroit Edison Company 
reported the results of tests made at the Marysville 
Plant to determine the relative resistances of eighteen 
different materials to corrosion-erosion attack in boiler 
feed pumps and regulating valves. In these tests feed- 
water at 250 F was used. 

More recently, tests were made with nine different 
materials at 320 and 385 F; also with pH values of 7.3 
and 8.3, and the results reported at this year’s meeting. 

The materials tested included Navy M bronze; leaded 
bronze; an alloy steel containing 1.25 per cent Cr and 
0.5 per cent Mo; a steel containing 5 per cent Cr and 
0.5 per cent Mo; one containing 12 per cent Cr; an 
18-8 steel; another Cr-Ni-Mo steel; two carbon steels; 
and chromium plating. 

Conclusions from the test data were that the rate of 
corrosion-erosion attack on carbon steel decreased with 
increase in temperature with the Marysville feedwater, 
whereas the rate of attack increased for chromium-iron 
alloys. There was some indication that attack on the 
chromium alloys was greatest at some point between 
250 and 385-F. At all temperatures at which tests were 
made, the chromium alloys were much more resistant to 
corrosion-erosion than cast carbon steel and were con- 
sidered as satisfactory for boiler feed pumps and 
regulating valves up to 400 F. In fact, the rate of 
attack was only a fraction of that of the carbon steels 
tested. 
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The 1.25 per cent chromium, 0.5 per cent molyb- 
denum steel and the Cr-Ni-Mo steel were not attacked 
to a significantly greater extent than the 5 and 12 per 
cent chromium steels at the higher temperatures. Be- 
cause of greater weldability and lower cost, it appears 
that the lower chromium alloys might be used ad- 
vantageously for feedwaters having similar or less 
corrosive characteristics. At Marysville the dissolved 
oxygen ranged from 0.004 to 0.008 ppm. 

Leaded bronze was found not to be a good material for 
use at 250 to 400 F; whereas Navy M bronze was satis- 
factory up to about 320 F. 

Chromium plating was not regarded as satisfactory 
for protecting existing carbon-steel pump casings. 

Increasing the pH of the feedwater at 250 F from 7.6 
to 8.4 approximately doubled the rate at which cast 
carbon steel was attacked. 


Effect of Temperature on Metals 


In a paper on the “Cyclic Heating Test of Main 
Steam Piping Joints Between Ferritic and Austenitic 
Steels at Sewaren Generating Station,’’ H. Weisberg of 
the Public Service Electric & Gas Company, Newark, 
N. J., presented the results of cooperative research 
participated in by Public Service Electric & Gas 
Company, General Electric Company, Westinghouse 
Electric Corporation, Combustion Engineering Com- 
pany and M. W. Kellogg Company. 

The Sewaren generating station will be the first 
steam power plant to operate at 1050 F initial steam 
temperature, the steam pressure being 1500 psi. Both 
the General Electric and Westinghouse 100,000-kw 
turbines include austenitic steel valves and inlet piping, 
while the Combustion Engineering steam generating 
units are provided with ferritic steel piping from the 
superheaters to the turbines. The paper describes a 
test of several full-size joints between the austenitic 
and ferritic steels required for the piping. 

Some experience existed in refinery plant operation 
for appraising the suitability of welds between dissimilar 
materials of the heavy cross-section required. In 
these installations some failures had occurred, but op- 
erating conditions for refinery cycles result in more 
rapid temperature changes than may be expected in 
power plant service. Because the coefficient of thermal 
expansion of austenitic steel is about 50 per cent greater 
than that of ferritic steel, it was felt that there was some 
danger of failure on account of high differential stresses. 

It was decided to conduct tests of several full-size 
welds and to subject them to 100 cycles of heating and 
cooling, simulating operating conditions. Alternate 
heating to 50 F above the operating temperature and 
cooling to the vicinity of ambient temperature was 
felt to provide a good indication of conditions at the 
end of a major portion of the unit’s life. It was 
recognized, however, that long-time stability of ma- 
terial at operating temperature would not be evaluated 
in a short-time test, nor would the effect of stresses due 
to internal pressure and expansion forces present in the 
actual pining system be incorporated in the tests. To 
determine the stress due to temperature differences 
across the pipe wall when cooling rapidly, a series of 
ten quench cycles were included following the ‘‘normal”’ 
heating and cooling tests. 
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In carrying out the tests a length of 12.75-in. diameter 
by 1.625-in. thick, 2'/,-chrome, 1-moly forged and bored 
pipe was cut into short spool pieces and welded to a 
series of 18/8 castings using a number of austenitic 
filler rods of various compositions. All welding was 
done with a preheat temperature of 600 F and the piece 
was subjected to a post heat of 1550 F for three hours 
followed by furnace cooling. An additional joint 
having the major portion of the interface between the 
dissimilar metals longitudinal to the pipe was fabri- 
cated by the use of the ‘“‘Kelcaloy’’ process and sub- 
jected to tests. 

Heating of the test pieces was carried out by induc- 
tion heating. A total of 24 thermocouples were in- 
stalled and temperatures recorded. ‘‘Normal’’ cooling 
was accomplished by a blower connected to a per- 
forated pipe inserted inside the test pieces. For the 
quench tests a steam-atomizing oil burner was used 
to introduce a fine water spray in the cooling air steam. 
During the quench tests the temperature differential 
across the pipe exceeded 400 deg F, whereas during 
the ‘‘normal’’ cooling tests the maximum differential 
did not exceed 50 deg F. 

Examination of the pieces during the tests and sub- 
sequent to the final quench tests indicated no new 
cracks developed as a result of the cyclic heating and 
cooling, and there was no indication that any of the 
cracks noted prior to the test, due to unsound welds, 
had increased to any measurable extent. 

One hundred cycles of alternate heating and cooling 
of several full-size pipe joints between austenitic and 
ferritic steels through the range of temperature ex- 
pected in ‘“‘normal’’ operation, plus ten cycles simulating 
water carryover conditions, produced no apparent 
deleterious results. The effect of long-time exposure 
at the operating pressure and temperature, of course 
cannot be evaluated in a short-time test. It is be- 
lieved, however, that the results provide considerable 
assurance that 18/8 piping, and particularly welds be- 
tween 18/8 piping and low chrome steel piping, can 
satisfactorily withstand the temperature changes which 
may be expected in power plant service. 


Fouling and Cleaning of Heat-Exchange 
Equipment 


At the Panel Discussion on Fouling and Cleaning of 
Heat-Exchange Equipment, sponsored by the Heat- 
Transfer Division, Leo F. Collins of The Detroit Edison 
Company outlined problems encountered in the use of 
water circuits. He pointed out that the heat-exchanger 
design engineer had a different viewpoint from the 
operating engineer who had the responsibility of main- 
taining equipment in service. To the former it may be 
an ingenious device, but to the latter the heat-exchanger 
represents a ‘‘gadget’’ that sometimes has to be repaired 
at a most inopportune time. 

Deposits that foul water circuits are originated 
either through the processes of precipitation or the 
multiplication of biochemical organisms, the former 
generally being referred to as scales or sludges and the 
latter as slimes or barnacles. Whether or not scales 
and/or sludges will form is dependent upon the nature 
and quantity of the physical conditions to which the 
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water is subjected in use. No comparable criteria have 
been developed for predicting the sliming potentialities 
of a given water supply, and it is usually wise to assume 
that any natural water is potentially slime-forming un- 
less sterilized by chemicals or by heating. 

The expedient to be adopted to prevent fouling in 
fresh water circuits is determined by the type of water 
used. Where temperatures exceed 200 F, complete 
softening provides the only guarantee of freedom from 
scale. Such softening, unless supplemented by air 
elimination or the use of inhibitors, may accelerate 
corrosion to such an extent that fouling will result from 
the accumulation of corrosion products. 

W. L. Webb of the American Gas & Electric Service 
Corporation discussed fouling problems encountered 
in steam power plants. Surface condensers usually 
present the most serious difficulties, and fouling may 
occur on both the water and steam sides of condenser 
tubes, though the former is more common. 

Heater fouling occurs in a temperature range of 300 F 
to 450 F, in the experience of the speaker’s company, 
and has a detrimental effect upon plant heat rate. 

The most common water side deposit in condensers 
is slime, which usually may be prevented by periodic 
sterilization with chlorine or chlorine-containing com- 
pounds. In heaters the water-side deposits are com- 
monly iron oxide, copper and occasionally oil. It seems 
significant that the composition of heater deposits is not 
greatly influenced by the nature and quantity of cycle 
contaminants which tend to produce boiler scale. 

Choice of the mechanical or chemica! methods for 
cleaning fouled heat-exchangers should be governed by 
the respective effectiveness, cost and the equipment 
outage time involved. Chemical methods are usually 
found most economical for the water side of the heat- 
ers and are substantially the only means of cleaning 
the steam sides of heaters and condensers. 

The speaker next emphasized the importance of 
checking performance characteristics of feedwater 
heaters and condensers when new, in order to establish 
whether guarantees have been met and to set up a stand- 
ard of comparison against which to check future opera- 
tion. Knowledge of probable gains for specific methods 
of cleaning, together with relative costs and the value 
of outage times and the benefits to be acquired in fuel 
savings and increase in output capacity, permits mak- 
ing decisions for the type and frequency of cleaning to 
be employed. Rough indications of the effects of foul- 
ing are given in the following empirical “rule of 
thumb”: 

If the condenser becomes fouled to the extent that 
the vacuum is reduced by | in. Hg, the heat rate will 
be increased 200 to 500 Btu per kwhr. If a heater be- 
comes fouled such that feed temperature to the boiler 
is decreased one degree F, the heat rate will be in- 
creased | to 2 Btu per kwhr. 


Although not a part of the Panel Discussion, a paper 
by C. M. Loucks and C. H. Groom, both of Dowell, 
Inc., dealt with the same subject under the title of 
“Chemical Cleaning of Heat-Exchange Equipment.”’ 
In this the authors discussed the choice of solvents, 
based on the types of deposits and the metals encoun- 
tered. Cleaning schedules were stressed, as were cer- 





51 











tain pertinent precautions, and a number of case his- 
tories in various industries were cited. 

Deposits are classed according to whether they are 
inorganic, organic or a mixture of the two. The in- 
organic deposits consist of a comparatively small num- 
ber of specific chemical compounds, whereas organic 
deposits generally consist of many compounds. The 
effect of heat, pressure, moisture and other physical 
and chemical factors can produce a great variety of 
organic deposits. 

In general, inorganic deposits are removed through 
reaction of the acid solvent, which converts to new com- 
pounds that are soluble in aqueous solution. 

In removing organic deposits much of the task in- 
volves physical changes rather than chemical reactions. 
Solution of the deposit in a suitable organic solvent, or 
dispersion in aqueous media, are the most common 
methods. 

With regard to precautions to be observed, the au- 
thors pointed out that hydrochloric acid normally re- 
acts with iron and evolves hydrogen. Inhibitors are 
employed to limit this reaction, but they cannot stop it 
completely, and if the hydrogen becomes mixed with air 
in a confined space it may be inadvertently ignited and 
cause an explosion. Therefore, it is most essential 
that proper vent lines be provided and that ‘‘No 
Smoking” and ‘‘No Welding”’ signs be posted and rigidly 
observed. Also, for the protection of personnel han- 
dling the acids, alkalies and inhibitors, it is important 
that rubber gloves, rubber suits, goggles, etc., be pro- 
vided, and that proper instructions be given and fol- 
lowed. Equipment for detecting the presence of poi- 
sonous gases is another essential. 

The proper reaction time between solvent and de- 
posit is determined by chemical tests and by the experi- 
enced judgment of the chemical cleaning engineer. 


Utility-Industry Power Cooporation 


At the Tuesday Power Luncheon this subject was dis- 
cussed by three speakers—Joseph Pope, first vice presi- 
dent of Stone & Webster Engineering Corporation, 
K. M. Irwin, vice president of the Philadelphia Electric 
Company and V. F. Estcourt, of Pacific Gas & Electric 
Company. 

Mr. Pope reviewed at length the set-up that has ex- 
isted for nearly twenty years in the industrial area of 
North Baton Rouge, La., between Gulf States Utilities 
Company (including its predecessor) and several large 
industrials, including two oil companies. This in- 
volves a joint station supplying steam and electricity to 
the industrials and electricity to the utility system. 

In commenting on the arrangement, Mr. Pope ob- 
served that it is often advantageous for an industrial 
organization to be relieved of the operating problems of 
steam and electricity, and that it is definitely worth 
while in the prevention of waste for each pound of steam 
and each kilowatt-hour to be tagged witha price. An- 
swering the contention that if the utility under such a 
set-up should lose a large customer it would find itself 
with excess capacity, he pointed to normal utility load 
growth as a means of absorbing any such loss. In his 
opinion it is not unduly difficult to satisfy both parties 
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as to rates and other conditions, but a long-term con- 
tract is always desirable. 

Mr. Irwin followed with a description of the arrange- 
ment that has long existed at Deepwater Station (New 
Jersey) between the utility and the du Pont Company. 
Here the industrial company pays all charges, including 
depreciation and maintenance, on the equipment allo- 
cated to its service and full costs are prorated, as are 
also turbine-room charges. The industrial is entitled to 
all the steam and electricity produced by this equip- 
ment, but any excess of electric energy over require- 
ments is fed to the utility system under an equitable 
arrangement. The present contract runs to 1957. 

Mr. Estcourt told of the hookup between the Pacific 
Gas & Electric Company and three large oil refineries in 
the San Francisco Bay area which was initiated in 1938- 
39. Here the refineries had need for large quantities of 
process steam and the utility system needed an appreci- 
able increase in electric capacity. Accordingly, three 
high-pressure power plants of 50,000 kw each, operating 
on the closed cycle, with automatic steam extraction to 
evaporators, were built, one adjacent to each of the re- 
fineries. The steam demands have doubled since the 
initial installation, but during periods of lowered 
steam demands the turbines are run condensing. 

The arrangement between the utility and the oil 
companies involves a demand charge for electricity and 
steam, plus a commodity charge, partly in cash and 
partly in fuel. The latter comprises pulverized petro- 
leum coke, high sulfur oil, acid sludges, pitch and gas, 
some of which is burned in other plants of the system. 
From the utility standpoint the only disadvantage in 
the contract is agreement to take over waste fuels. 


Automatic Control of Steam Plants 


M. D. Engle, of the Pennsylvania Power & Light 
Company, presided at the symposium on progress in 
automatic control of steam plants and prefaced his re- 
marks with a series of “‘firsts’’ in control equipment 
dating from 1890 to the present. The discussion was 
divided into three parts to present the points of view of 
utility plants, industrial plants and consulting engineers. 

Messrs. Herman Weisburg of the Public Service 
Electric & Gas Company, Paul Gravelle of the Toledo 
Edison Company, and V. F. Estcourt of Pacific Gas & 
Electric Company spoke on utility applications of auto- 
matic control. Advantages of centralized control in 
decreasing required personnel and simplifying operation 
were emphasized. Some difference of opinion exists, 
however, as to the extent to which noise levels should be 
reduced, for operators who are noise conscious can de- 
tect abnormal operation of equipment. The unit sys- 
tem of plant design simplifies some of the problems of 
centralized control, though the tendency toward reheat 
installations provides new control complications, espe- 
cially in safeguarding equipment and personnel. 

Psychological factors of centralized control were also 
discussed. Along with greater reliability of operation, 
stress upon the operator appears to be reduced. Yet 
there is also a tendency for him to become an “‘auto- 
maton’’ and to be subject to fatigue from the monotony 
of the work. On the other hand, in case of emergency, 
serious problems may result if the number of personnel 
has been too sharply reduced under highly centralized 
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control. Installation of effective means of communica- 
tion is particularly important to connect the central 
control room with so-called roving operators making 
periodic checks upon equipment. 

Messrs. R. F. Hanson of General Motors Corporation, 
O. F. Campbell of Sinclair Refining Company, C. H. 
Morrow of J. I. Case Company and C. S. Robinson 
of du Pont presented the industrial viewpoint on auto- 
matic control of steam plants. Economic considera- 
tions of the additional investment required for auto- 
matic control and the advantages gained therefrom 
were emphasized in this portion of the discussion. At- 
tention was also focussed upon providing clean and at- 
tractive operating conditions in order to obtain a high 
caliber of boiler room personnel. 

Industrial power plant controls are called upon to 
handle extreme changes in steam loads and, in some in- 
dustries, wide variations in fuel. Much room exists for 
improvement in automatic controls for industrial use, 
especially in the direction of providing standardized, 
package-type installations. Such improvement de- 
pends, in part, upon increased cooperation between 
manufacturers and users. Also lost sight of in some 
cases is the cost of installation of control equipment, a 
field to which more attention might well be given. 

Messrs. B. C. Mallory of Stone & Webster Engineer- 
ing Corp., D. G. Reid of Sargent & Lundy, T. T. 
Frankenberg of American Gas & Elec. Service Corp. 
and C. S. Peace of Ebasco Services, Inc., contributed the 
viewpoint of consulting engineers engaged in steam 
plant design. Questions of the extent to which central- 
ized control should be carried were discussed in relation 
to conditions of emergency operation or failure of major 
equipment. Some consideration was given to relia- 
bility of air supply for combustion control systems with 
respect to tankage problems. Emphasis was also 
placed upon the distinction between a human being and 
a controller, and limitations of each were discussed. 

Centralized control advocates may succeed in re- 
ducing personnel to the point that it is difficult or im- 
possible to meet emergencies. Limitations in this 
direction should be realized from both the design and 
operating viewpoints. On the other hand, centralized 
control can markedly improve quality of operation, 
ability to maintain load under upset conditions, and the 
capability of returning to the line quickly in the case of 
loss of load. Under conditions of proper design, the 
work of the operator may be made relatively free from 
details with attractive working conditions. Communi- 
cation errors can be minimized, simultaneous action in 
two or more places as the occasion demands may be 
provided and integrated coordinated operation can be 
maintained with properly designed centralized control. 

3 


Synthetic Liquid Fuels 


Immediate development of synthetic fuel plants is 
essential to the economic welfare and military security 
of the United States, according to W. C. Schroeder, 
chief of the Synthetic Liquid’ Fuels Division of the U. S. 
Bureau of. Mines, who addressed the Fuels Luncheon 
on Wednesday. After analyzing the present and 
future demands for liquid fuel, he stated that, in order 
to meet the anticipated civilian requirements alone, an 
additional 1'/, to 2 million barrels a day will have to be 
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obtained. Since it would be unwise to depend on for- 
eign sources for natural supplies of oil, synthetic oil 
from coal and oil shale offers the best assurance of self- 
sufficiency. However, the gap between anticipated 
demand and the supply of liquid fuel can be met only by 
immediate steps to establish commercial plants. 

According to Dr. Schroeder, sufficient data are al- 
ready available to permit starting such work. To this 
end he recommended that three or more commercial- 
size plants be built by private industry as prototypes, 
using both coal and oil shale, with financial assistance, 
if necessary, by the Reconstruction Finance Corpora- 
tion. 





External Corrosion of Furnace-Wall 


Tubes 


Several years ago when external corrosion of furnace- 
wall tubes first occurred in slagging-bottom boilers of 
different types, many theories were advanced to ex- 
plain the phenomenon. With a view to ascertaining 
the facts, a cooperative research project was established 
in 1942 by Combustion Engineering Company and the 
U. S. Bureau of Mines, the long-time laboratory ex- 
periments being conducted at the latter’s station in 
Pittsburgh. Progress reports were presented from time 
to time before the A.S.M.E., culminating this year in a 
paper by R. C. Corey, H. A. Grabowski and B. J. 
Cross, which contains further data on sulfate deposits 
and the significance of sulfide deposits. 

These investigations have shown that liquid alkali- 
metal pyro-sulfates can be formed under operating con- 
ditions from deposits on the tubes of alkali-metal sul- 
fates. The rate of attack will be considerably higher 
than when alkali-metal sulfates, or so-called ‘‘enamel 
deposits,’ do not form a liquid phase, as was described in 
a previous report. 

The phase boundaries for three compositions of al- 
kali-metal sulfates in the system M:SO,SO; have been 
established, as well as the conditions for the thermal 
decomposition of coal ash leading to the formation of 
SO;, necessary for the corrosion process. 

Alkali-metal sulfate deposits on furnace tubes are be- 
lieved to result from volatilization of alkalies in the coal, 
which condense as corresponding oxides on the tubes 
and then convert to sulfates by reaction with SO; in the 
furnace atmosphere. Furnace-wall tube attack asso- 
ciated with deposits consisting mainly of FeS is believed 
to be related to the deposition on the walls of pyrites. 

The pyrites, originating from coarse coal or coal that 
is poorly distributed in the burners, with respect to 
size, adheres to previously formed deposits of alkali- 
metal sulfates, oxidizes rather slowly to FeS and Fe;O, 
and thereby produces sufficient SO; to react with the 
alkali-metal sulfates and the oxide on the metal. The 
net effect is to cause corrosion by the alkali-metal 
sulfate type of deposit. , 

Since corrosion of furmace tubes where pyrites de- 
posits occur can lead to telatively high rates of attack, 
it is suggested by the authors that such attack can be 
minimized by (a) close attention to coal fineness to pre- 
vent excessive amounts of coarse coal reaching the 
furnace; (b) by maintenance of distributors in the coal 
feed pipes to the burners; and (c) by avoidance of 
flame impingement on the furnace walls. 
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Test of a 4800-Hp Gas Turbine 


Results of extensive tests on a 4800-hp gas-turbine 
power plant designed for locomotive and other applica- 
tions were reported in a paper by Alan Howard and 
B. O. Buckland, both of General Electric Company. 

These tests covered a total of approximately 700 hr 
of accumulated operating time, 80 per cent of which was 
on grade 6 fuel oil and 20 per cent on diesel fuel oil. 
Full rated power was delivered with a turbine inlet tem- 
perature of about 1300 F, compared to a design tem- 
perature of 1400 F, and the thermal efficiency was 
slightly over 17 per cent, based on the lower heating 
value of the fuel. When operated with an inlet tempera- 
ture of 1400 F, the output was about 6000 hp, and the 
thermal efficiency 18.5 per cent. 

While the general mechanical operation was satisfac- 
tory, with little vibration or expansion trouble en- 
countered, and a high combustion efficiency of 96 per 
cent attained, there were two troubles of major sig- 
nificance. The first was loss of a second-stage bucket 
due to fatigue failure, and the second was deterioration 
of the first-stage nozzle due to rather rapid oxidation, or 
washing away of several of the nozzle partitions. Al- 
though the nozzle was in use for 492 hr, most of the 


oxidation occurred in the last 106 hr. In each case ‘ : : 

es a 3 have been : lied and are believed James H. Todd (right) consulting engineer of New 
corrective measures have been applied and are believec Orleans and incoming president of the A.S.M.E., 
to have been effective as indicated by several hundred being congratulated by Secretary Davies as he was 


subsequent test hours without further trouble. installed in office 


Honorary Membership, at the Annual Dinner, was conferred by President E. G. Bailey (left to right) 

upon George I. Rockwood, chairman of the board of Worcester Polytechnic Institute; James W. Parker, 

president of The Detroit Edison Company; Oscar A. Leutwiler, pone emeritus, University of 

Illinois; Carl F. Braun, president of C. F. Braun & Co.; and Dr. L. J. Briggs (not shown), director 
emeritus of the Bureau of Standards. 
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Power and Steam Facilities of 
New Texas Alkali Plant 


HE leading article in October Com- 

BUSTION described the new high- 
pressure extension to the power plant of 
the Diamond Alkali Company at Paines- 
ville, Ohio. Subsequently, on November 
15, this company dedicated its new chemi- 
cal works at Houston, Texas, for the pro- 
duction of chlorine and caustic soda from 
salt. Serving these works with power, 
process steam, large quantities of water, 
etc., is the sizeable power plant of semi 
outdoor construction shown on the cover 
of the present issue 


Power Requirements 


In a chlorine-caustic soda plant such as 
this, approximately 80 per cent of the 
power generated is consumed in operating 
cells for the electrolytic decomposition of 
the brine, and the amount of electricity 
needed to operate an electrolytic cell of a 
given size is more or less fixed. On this 
basis the specified daily output of 220 tons 
of chlorine and 240 tons of caustic dictated 
a power capacity close to 30,000 kw 
Since it was decided to eliminate standby 
capacity, the engineering study indicated 
that three 10,000-kw turbine-generators 
would best suit the load requirements and 
provide the desired flexibility. The initial 
steam conditions selected were 850 psi, 
900 F, 

In addition to the electrical require- 


ments, large quantities of process steam 
are required. Hence extraction-condens- 
ing turbines were selected. These are 
designed to bleed at four points, namely, 
the 5th, 7th, llth and 14th stages al- 
though the 7th and 14th stages have been 
blanked off for the present with the idea 
that they may be used later for regenera- 
tive feedwater heating. Large quantities 
of steam are bled at the 11th stage for 
caustic evaporation. Thus, since only 
about 50,000 Ib. of steam per hour is nor- 
mally rejected to each condenser, condens- 
ing surface has been limited to 5500 sq ft. 

As the plant is self-contained and has no 
outside electrical connections, it was neces- 
sary to supply a source of electricity for 
starting the motor-driven auxiliaries 
Therefore a 1000-kw, 250-psi turbine- 
generator was installed for this purpose 


Steam Generating Units 


To supply the main turbine-generators 
with high-pressure steam, four 100,000-Ib- 
per-hr (125,000-lb per hr maximum) 
steam-generating units were selected 
These are of the C. E. two-drum type with 
motor-driven forced- and induced-draft 
fans and regenerative-type air preheaters 
Each has its individual 60-ft steel stack, as 
shown, and the turbine room extends over 
the firing aisle to provide protection to the 
operators. 


Inasmuch as the plant is located in a 
region of abundant natural gas supply, 
this fuel was chosen; although, as a pre- 
caution against interrupted service, two 
separate sources of gas supply were pro- 
vided. Both fuel and feedwater are under 
complete automatic combustion control. 

Boiler feedwater, which is handled by 
three 500-gpm turbine-driven pumps, is 
normally over 95 per cent condensate, 
inasmuch as every effort has been made to 
recover all condensate not contaminated 
by leakage during processing. Makeup is 
provided from the second-effect caustic- 
evaporator heaters, each of which has a 
normal carryover of less than 10 ppm 
caustic and an equal amount of sodium 
chloride. Condensate from this unit is 
neutralized by sulphuric acid to keep 
the caustic content of the boiler water 
within desired limits. All boiler feed- 
water is returned through a 500,000-Ib-per- 
hr deaerating heater which is calculated to 
reduce the oxygen to less than 0.055 ce per 
liter. 

The water requirements of these works 
amount to approximately 60 million gal- 
lons daily and include well water for brine 
well operation; well water for general use; 
water from the Ship Canal for cooling and 
condensing; refrigerated water for prod- 
ucts cooling; well water for washing out- 
process piping and equipment; and boiler 
feed. 


Inlet pumping station on Houston Ship Canal with three motor-driven pumps supplying a total of 60 
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million gallons of water per day 








REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





Smoke 
By Arnold Marsh 


In view of the present renewed agitation 
for cleaner atmospheres in many of our 
cities, publication of this book is timely. 
Its author is secretary of the National 
Smoke Abatement Society of Great Bri- 
tain and is therefore well informed on the 
subject. 

The text is divided into two parts, the 
first dealing with certain fundamentals of 
combustion; smoke as a health problem; 
how it affects plant life; its destruction of 
property; its social aspects; and cost. 
Part II deals with what has been accom- 
plished toward smoke abatement; the 
problem of both industrial and domestic 
smoke; suggested measures for its abate- 
ment and plans for progressive action. 
Air pollution from road vehicles, industrial 
fumes and dust is also discussed and a brief 
review is given of what has been done in 
various countries. The numerous illustra- 
tions have been well chosen to demonstrate 
the destructive action of smoke. 

Those concerned directly or indirectly 
in smoke abatement will find a perusal of 
the book both interesting and helpful. 
It contains 306 pages and is priced at 
$7.00, plus postage. 


Refresher Notes 
By John D. Constance 


These notes, covering hydraulics, ther- 
modynamics and machine design, form 
the basis of a tested course the author has 
given for several years past under the edu- 
cational auspices of the Metropolitan 
Section A.S.M.E. Presenting the funda- 
mental concepts, methods and applications 
of these subjects, the text is arranged as a 
review for those who have previously 
studied the subjects, and particularly to aid 
those who contemplate taking the ex- 
amination for a professional engineer’s 
license. In fact, most of the problems 
and their solutions are based on such past 
examination questions. 

In loose-leaf form, with paper cover, 
the notes are offset and comprise 178 
pages, 8°/, X 11'/,in., with 170 problems. 
The price is $4.50. 


Gas Tables 


By Joseph H. Keenan and Joseph 
Kaye 


Professors Joseph H. Keenan. and 
Joseph Kaye of the Massachusetts Insti- 
tute of Technology have revised their 
earlier book entitled ‘Thermodynamic 
Properties of Air,’’ which was published in 
1945, and have reissued it under the title 
of ‘“‘Gas Tables.”” The new edition con- 
tains 64 tables covering such physical con- 
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ditions and concepts as air at low pressure; 
products of combustion of hydrocarbon 
fuels with 200 and 400 per cent of theoret- 
ical air; nitrogen, oxygen, water vapor, 
carbon monoxide and dioxide, hydrogen 
and argon, respectively, at low pressures; 
one- and two-dimensional isentropic com- 
pressible-flow functions; Rayleigh lines; 
Fanno lines; one-dimensional normal- 
shock functions; wedge angles for down 
stream sonic flow; upstream and down 
stream Mach numbers for two-dimensional 
shock; and various conversion factors. 

Values for the thermodynamic proper- 
ties of the gases were calculated and pub- 
lished by Johnson, Giauque, Gordon and 
Kassel in the years 1933 to 1935. These 
results were interpolated by Heck and 
more recently have been reviewed by F. D. 
Rossini and his colleagues of the Bureau of 
Standards in terms of the latest values of 
the fundamental constants and newest 
spectroscopic data. It is the last-men- 
tioned information that serves as the basis 
of the thermodynamic properties of this 
new book. 

Design engineers, particularly in the gas 
turbine and aeronautical fields, as well as 




















With Beaumont Birch Coal Handling 
Equipment, one operator controls al] 
coal handling with finger-tip con- 
trols, like this— 

Coal arrives by rail, is dumped in- 
to hopper, raised by bucket elevator 
and discharged either into bunker 
for immediate use or down a chute 
to yard storage. If it goes to storage, 
the Beaumont Drag Scraner spreads 
it into safe, compact layers—elimi- 
nating air pockets. 
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those engaged in research in applied 
science involving fundamental gas laws, 
will find the ‘‘Gas Tables”’ of considerable 
value. For those who have frequent oc. 
casion to use the types of dalta included, 
the format of the book has much to recom. 
mend itself. The tables are printed on 
heavy paper of good quality, and their 
legibility is outstanding. ‘‘Gas Tables” 
worthy supplement to the 
widely used ‘‘Thermodynamic Properties 
of Steam’”’ which Professor Keenan devel- 
oped several years ago in collaboration 
with Professor F. G. Keyes. 

The book contains 238 pages and is 
priced at $5 


serves as a 


Analyses of Michigan, North 
Dakota, South Dakota and 


Texas Coals 


Technical Paper 700 has just been issued, 
106-page pamphlet, by the U. § 
Bureau of Mines containing analyses of 
the various coals found in the states of 
Michigan, North Dakota, South Dakota 
and Texas. Data are included on the 
reserves and the annual production in 
these states, as well as sales information 
and relative output per man-day. Distri- 
bution and use of the coal produced and 
brought into these states are also discussed 
The pamphlet is one of a series parts of 
which have been published previously 
dealing with other coal-producing states 
It is for sale at 35 cents by the Superin- 
tendent of Documents, U. S. Government 
Printing Office, Washington D. C 
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Use any available space. Tail- 
blocks can be slung between posts 
and moved by hand—and mechan- 
ically moved on I-beam track, by 
tail-block car, or suspended from an 
aerial bridle system. The scraper and 
cable system is operated by one man 
through remote control. One com- 
pany, Beaumont Birch, supplies all 
necessary equipment. 


Complete engineering service 
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$16 Billion Expansion Needed 


Public utility companies in the United 
States will have to spend about 16 billion 
dollars for new and improved generating 
and distribution facilities, within the next 
ten years, according to a prediction made 
by Tomlinson Fort, manager of central 
station sales for the Westinghouse Electric 
Corporation in a recent address before 
senior engineering students at the Penn 
sylvania State College 

Production of electric 
country must be increased from slightly 
over 250-billion kilowatt-hours to 430 
billion kilowatt-hours to supply a demand 
that will nearly double within the next 
decacdk An expansion of the generating 
capacity of this country 
over 95-million kilowatts will be required 


power in this 


from 52 to 
to produce this power. In money this 
means that the electric power business of 
the United States probably will have to 
double its investment over a period of the 
next ten years 

A recently completed survey of the out 
look for the electric power industry indi 
cates that residential use of electricity i 


this country will increase in the next ten 
vears from an average of 1438 kwhr per 
home to 2400 kwhr. Electricity now i 
ivailable to 97 per cent of the homes: in 
this country 

Mort 
have been added to utility systems since 
the war ended and during the past summer 


than six million new customers 


1200 new customers were connected for 
electric service each working hour of the 





day. More than 4,000,000 farms now are 
connected to distribution lines and in the 
next five years this number will reach 
5,000,000, or 90 per cent of all occupied 
farms 


he availability of electric power also 
has contributed greatly higher 
wages and shorter hours for the American 
workman. Largely due to electric power 
the mechanical horsepower in industry has 
shown a great increase during the past 70 
In 1879, a workman had only 1.3 
horsepower at his command. Today this 
average workman has over 7 horsepower 
to lighten and speed his work. Because 
of the steadily increasing use of electric 
power in industry the American worker 
has increased his production until today 
the American people have achieved the 


highest standard of living in the world 


toward 


years 


Midwest Power Conference 
Dates Announced 


The Eleventh Annual Midwest Power 
Conference will be held April 18, 19 and 
20, 1949, at the Sherman Hotel, Chicago, 
with the princip il sessions centered about 
the theme, ‘‘How to Better Supply Power 
Needs in Periods of Declining Resources.”’ 

Che annual three-day meeting is spon 
sored by Illinois Institute of Technology 
with the cooperation of eighteen midwest 
ern universities and professional societies 

Dr. Budenholzer, professor of mechani 
cal engineering at Illinois Tech, was named 
Conference Director in September. He 





replaced Stanton E. Winston who had 
directed the conference since 1940, but who 
resigned in order to devote full time to his 
duties as dean of the evening division and 
professor of mechanical engineering at 
Illinois Tech 

Dr. E. R. Whitehead, director of the 
department of electrical engineering at 
Illinois Tech, is conference secretary 


Gas Turbine Electric 
Locomotive Begins Track Tests 


The first gas turbine-electric locomotive 
to be built and operated in the United 
States, an Alco-GE 4500-hp unit, began 
track tests on November 15 at the General 
Electric plant in Erie, Pa 

The locomotive will be placed in opera- 
tion on a demonstration basis by the 
Union Pacific Railroad next spring, after 
preliminary tests have been completed in 
the East. 

Although this gas turbine currently is 
fired by Bunker ‘‘C”’ oil, it is anticipated 
that special research efforts, coupled with 
experience gained from the operation of 
this first locomotive design, may lead to 
the development of successful means of 
burning coal. Cooperation is being car 
ried out with the Locomotive Develop 
ment Committee of Bituminous Coal Re- 
search toward that end. 

Geared for 79 mph, the locomotive 
carries enough fuel for 12 hours’ operation 
at 4500 hp. The compressor, combustion 
chamber and turbine are in line 
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RECORDS 


IN FEED WATER 
AND H, IN STEAM 


The continuous records of the oxygen dissolved 
in boiler feed water and of the hydrogen entrained 
in the steam, point to the corrective measures nec- 
essary to prevent otherwise unsuspected and costly 
corrosion. The Cambridge Analyzers measure and 
record the dissolved oxygen directly. The hydro- 

| gen in the steam is the measure of the oxygen set 
free by dissociation. 
available for recording O2 and Hn, either sepa- 
rately or simultaneously. 


Send for Bulletin 148 BP 
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Cambridge Instruments are 


CAMBRIDGE 


& COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON acqutsr. 


FLEXIBLE COUPLING 


WOODBERRY, BALTIMORE, MD. 


POOLE FOUNDRY & MACHINE COMPANY 









COMBUSTION—December 1948 


r 


GAS ANALYZERS 


CAMBRIDGE INSTRUMENT CO., INC. 


3769 Grand Central Terminal, New York 17, N. Y. 


| PIONEER MANUFACTURERS 
| OF PRECISION INSTRUMENTS 
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Wing EMD Blower 
showing simple design 
and built-in volume con- 
trol. Internal radial 
dampers are actuated 
by an external balanced 
lever. Can be adjusted 
manually or by com- 
bustion controls. 


L. J. Wing Mfg.Co. 


: 


The Wing Blower is “working out to 
the fullest satisfaction of everyone” 


That comment “to the fullest satis- 
faction of everyone,’’ quoted from a 
recent letter, is characteristic of 
Wing Blower installations. For these 
Axial Flow Blowers are built to give 
satisfactory performance .. . simple 
and rugged construction, compact 
design with built-in capacity regu- 
lating dampers, combining high 
efficiency with quiet performance. 
Installation costs, too, are low. Write 
for descriptive bulletin or specific 
details. 


54 Seventh Ave., New York 11, N. Y. 


Factories: Newark, N.J. and Montreal, Canada 
Q 
AXIAL FLOW 


BLOWERS 








Steam Terminology 


The editorial on ‘‘Steam Quality,’’ pub- 
lished in the October 1948 issue of Com. 
BUSTION, is of timely interest, and should 
arouse sufficient thought among engineers 
and chemists to establish a correct ter- 
minology. 

McKinney and Hecht, suggested the 
term ‘entrainment, per cent,’’ when they 
demonstrated that the electrical conduct- 
ance method produced the answer to the 
steam contamination, the inclusion in the 
steam of boiler water. They discussed in 
their paper, ‘‘The Application of Electri- 
cal Conductivity Methods in the Steam 
and Water Cycle of Power Stations,” 
A.S.M.E. Transactions, 1931, the require- 
ment of correcting the conductance of the 
steam for dissolved gases, and showed the 
comparison of this method with that of 
the A.S.M.E. Test Code on Steam Calorim- 
etry. Since that presentation, other in- 
vestigators have interested themselves 
in this method, and there is suggested such 
terminology as ‘‘carry-over, per cent,” 
and more recently expressing the impuri- 
ties in the steam in terms of micromhos, 
the electrical conductance unit 

The concentration of substances in 
condensed steam can be estimated by 
evaporating a large volume of the steam 
with suitable precautions to exclude at- 
mospheric contamination, then weighing 
the dried residue, and this is termed “‘dis- 
solved solids,’’ in parts per million. 

The fundamental consideration is that 
of securing the proper steam sample. 
Engineers have accepted the A.S.M.E. 
Test Code Steam Nozzle for use in steam 
calorimetry, but the use of this nozzle for 
the electrical and chemical methods has 
been questioned. B. J. Cross, of Combus- 
tion Engineering Co., has proposed a new 
design of steam nozzle applicable to both 
the electric conductance and chemical 
methods for securing the proper steam 
sample. 

The Proposed Method for Sampling of 
Steam was published for information in 
the A.S.T.M. Bulletin, March 1948. 
In this publication, Mr. Cross discusses 
the factors necessary for the proper sam- 
pling of steam. Numerous constructive 
suggestions have been contributed by en- 
gineers and chemists, and it is expected 
that during the coming year, the American 
Society for Testing Materials may be ina 
position to publish it as a_ tentative 
method. The appropriate A.S.M.E. Test 
Code Committee has been invited to co- 
operate with Committee D-19 in the de- 
velopment of useful and usable methods. 

Other groups within Committee D-19 
are preparing the test methods, one on 
Spectric Electric Conductance, the other 
on the chemical method. There will be 
found in the A.S.T.M. Proceedings, 1947, 
a proposed method—for total solids in 
waters of high purity, published for infor- 
mation. 

Thus, it can confidently be expected, 
that when the A.S.M.E. and the A.S.T.M. 
have reached agreements on the sampling 
and testing methods, that the terminology 
to which reference is made in the editorial, 
will be corrected and find general use. 

MAX HECHT, Chairman, 
A.S.T.M. Committee D-19, 
on Water for Industrial Uses 
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New Catalogs 
and Bulletins 


Any of these may be secured by writing 
Combustion Publishing Company, 200 
Madison Avenue, New York 16, N. Y. 











Boiler Water Level Control 


Bulletin No. 485, issued by Northern 
Equipment Co., Erie, Pa., describes and 
reviews performance of the Copes boiler 
water-level control as installed at the plant 
of the Scovill Manufacturing Co., Water- 
bury, Conn. Other Copes products are 
also illustrated and their applications 
briefly covered. 


De-Ionizing Systems 


A 20-page illustrated catalog describing 
De-Ionizing systems for pure water at low 
cost has recently been released by the 
Dearborn Chemical Co. Descriptions of 
component parts of the systems are in- 
cluded as well as typical flow sheets and 
discussions of the physical processes in- 
volved. Those in the power field will find 
the considerations of operating costs and 
typical system designs and specifications 
of particular interest. 


Lubricated Plug Valves 


H. K. Porter Company has issued a 16- 
page, fully illustrated catalog covering its 
complete line of lubricated plug valves. 
Included is a full-page cross-section view 
which gives a remarkably clear presenta- 
tion of the construction, functioning and 
advantages of the valves. The Porter line 
of lubricated plug valves comprises stand- 
ard pipe sizes from 1 in. to 12 in., with pres- 
sures up to 500 psi for semi-steel construc- 
tion and to 300 psi in stainless steel con- 
struction 


Corrosion-Resistant Concrete 


The Lumnite Division of the Universal 
Atlas Cement Co. has recently published 
an 8-page booklet entitled ‘‘Lumnite 
Concrete Floors—Corrosion-Resistant and 
Heat-Resistant.”” Typical uses of corro- 
sion-resistant concrete are listed for many 
industries, as well as the answers to a num- 
ber of questions frequently asked about it. 
Of interest to the engineers in the power 
field is the application of corrosion-resist- 
ant concrete for lining coal bunkers, flues 
and stacks. 


Recorders and Controllers 


A 32-page bulletin providing a complete 
yet compact guide to the entire line of 
Model S Micromax recorders and con- 
trollers has been issued recently by Leeds 
& Northrup Co. The publication gives 
Specifications in convenient, tabular form 
for single-point, two point and multiple- 
point indicating recorders which measure 
the values detected by one or as many as 
16 primary elements. Among the record- 
ing controllers are those which provide 
two-position control or are integral parts 
of full proportional control systems. The 
latter include the Micromax electric con- 
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trol, which is of the position-adjusting 
type for regulating valves, vanes or 
dampers and the duration-adjusting type 
for electrically heated units, and the 
Micromax pneumatic control for air- 
actuated valves. 


Potentiometers 


A new 31-page catalog, issued by Brown 
Instrument Co., Philadelphia, contains 
numerous schematic diagrams, photo- 
graphs and dimensional drawings illus- 
trating the construction features and 
operating principles of its ‘‘Electronik”’ 


potentiometers. Also included are tables 


of various control forms, typical control 
systems and other data helpful in selec- 
tion. 


Power Factor Correction 


The Electric Machinery Manufacturing 
Company has issued a 20-page pocket 
size booklet entitled ‘‘Power Factor and 
What to Do About It.” A _ valuable 
engineering reference for plant engineers 
and operating men, this booklet includes 
both fundamental electrical theory and 
practical applications for plant use, 
including consideration of the economies 
of power factor correction. Twenty-three 
illustrations of mathematical aspects of 
power factor control enhance the practical 
worth of the booklet. 


Pump and Heater Sets 


The Peabody Engineering Corporation 
has brought out a 4-page bulletin on 


pump and heater sets. Complete with 
diagrammatic layouts and photos of a 
rather wide range of pump and heater 
sets, this new bulletin also shows in some 
detail the various elements and factors 
that must be considered in obtaining a 
pump and heater set for a particular 
application. 


Safety and Relief Valves 


Farris Engineering Corporation has just 
issued a 72-page illustrated book covering 
information needed in connection with 
the installation and use of safety and relief 
valves. Included in the book are com- 
parison and selection charts to give the 
valve user a quick key to the proper 
valve for each type of service. There 
are also triple capacity tables which 
give water, air, and steam capacities for 
varioug nozzle orifice sizes. 


Steam Turbine Blade Deposits 


Allis-Chalmers has issued bulletin num- 
ber 10 of a series on problems of power 
plant engineering designed to keep engi- 
neers in touch with current trends in 
power plant development. L. A. Burk- 
hardt is the author of a paper entitled 
“Identification and Prevention of Steam 
Turbine Blade Deposits,” while C. E. 
Imhoff has written on “Boiler Water 
Conditioning to Prevent Turbine Blade 
Deposits.”’ These articles are of especial 
interest to those well versed in the physical 
and chemical theories of water treatment. 
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SCRAPER SYSTEM 
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e The modern Sauerman method of storing and reclaiming coal has 
resulted in lowered costs. This method gives you many advantages, 
including more productive use of space, more efficient storage and 
reclaiming at only a few cents per ton. Plus—a cleaner job—less 

FOR dust—and a safer job because the Sauerman machine builds a 


WRITE 


CATALOG 


Above is simple Sauerman Scraper System 

powered by 75 h. p. motor, that stores and 
reclaims about 150,000 tons of coal a year 
at an Eastern power plant. Scraper operates 
on a 600 ft. radius, stacks coal 30 ft. high. 


compact and homogenous pile that minimizes combustion hazards. 


There is a Sauerman machine to fit your particular needs. Installa- 
tion and maintenance costs are low. 


SAUERMAN BROS., INC. 


650 S. CLINTON ST. 





CHICAGO 7,\ILLINOIS 











ay ; | Mechanical Stoker Sales} 
A y co & ? Loa oO ad {> as reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census 


ee a> 
CU’wEC2 “Lunt” 1948 1947 1948 1947 
| Water Tube Water Tube Fire Tube Fire Tube 
Hp No. Hp No. Hp No. Hp 
a: 48,887 i 32,532 116 15,983 22,320 
Te f 52,138 5! 32,759 116 16,012 2% 19,946 
iskccs Se 57,042 5! 26,959 152 21,155 225 29,705 


61,947 * 36,914 209 30,695 19,649 

42,903 40,481 220 31,585 9% 12,500 

36,916 ¢ 42,903 253 33,778 24,964 

299,833 212,548 1066 149,208 129,084 
+ Capacity over 300 lb of coal per hour. 








for pressures 
bie) 1500 


ee Hi-Pressure Gage Glasses 


m A.S.1.M. os 

oe Swell Round, Tubular and Flat Type 
Molybdenum 
Steel Forgings 





..- Meet All Requirements for Modern 
High Pressure, High Temperature Service 


RUBBER GAGE 
GLASS GASKETS 


NY engineer responsible for the design or Series 750... All Sizes 
operation of modern, high pressure, high Inclined tor 
temperature steam plants can safely provide Better Visibility 
; " Standard Type—Offset 
the benefits of completely automatic conden- Adjustable inclined 
sate drainage by specifying Armstrong Forged ) Gage Fittings 
Steel Steam Traps. Their inherently trouble- eS 
free design plus highest quality materials and A REN 
workmanship assure safety and dependable messed tasted teapiperts 


IGHT FLOW INDICATORS 


performance. There is no chance of failure to | Panes ae SNe 
open when condensate fills the trap and no FLAT GLASS 
steam loss under no-load conditions. The HIGH & LOW At 
extensive line includes traps to meet any pres- , mien GUNA sevens 1108 
sure, temperature or Capacity requirements. emcee ecammmms alan Leolless Super Try Coca, Granee 
Armstrong Forged Steel Traps are also | Send for Catalog 48P "4 Forged Steel Construction 
ideally suited to low and medium pressure serv- 
ice where “‘all-steel” installations are desired. 
Where quality, safety and dependability WATER COLUMN & GAGE C0. 
come first, specify ARMSTRONG, the “‘stand- imenseee es. vediiaaiinaseee 
ard” in many high pressure plants throughout 
the world. For more complete infor- 


mation and prices, consult your nearby 


cs Armstrong Representative or write: =< ENGINEERS rs 
ia ig * 


’ The e SEND FOR the 36-page Se 3S Ot ee ee ee AE * 
ARMSTRONG ARMSTRONG STEAM TRAP QUESTIONS and ANSWERS 
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JUST OUT! Audels Power Plant Engineers Guide. 
A complete Steam Engineers Library covering 
Theory, Construction & Operation of Power House 
Machinery including Steam Boilers, Engines, Tur- 
bines, Auxiliary Equipment, etc. 65 chapters, 1500 
Pages, over 1700 Illustrations. 1001 Facts, Figures 
and Calculations for all Engineers, Firemen, 
Water Tenders, Oilers, Operators, Repairmen and 
Applicants for Engineer's License. 


AUDEL, Publishers, 49 W. 23 St., New York 10 


MAIL AUDELS POWER PLANT ENGINEERS GUIDE for free ex: 
$ I amination. if O.K. | will send you $1 in 7 days; then remit 


| i 
ARMSTRONG MAC HINE WORKS | COMPLETE J monthly untin price of $4 is paid. Otherwise | will ron 
es Name 
814 Maple St., Three Rivers, Mich. PAY ONLY $1 mo. | 


BOOK for complete data on sizes, 
capacities, selection, installation 


and maintenance of Forged Steel 


@® and Cast Semi-Steel Steam Traps. 


with QUESTIONS L ANSWERS 


Get this information for 
Yourself. Mail Coupon To- oO 
day. No Obligation Uniess I 
Satisfied. ASK TO SEE IT. « pl 
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